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INTRODUCTION

The present studies on the eontrol of the potato leafhopper (Empo-
asca fabae (Harr.)) as a pest of beans were made mainly at Columbus,
Ohio, in 1926, 1927, and 1928, with additional studies in Florida and
Ohio in 1932 and 1933.

The following three different phases of experimental proeedure
have been carried out in these studies: (1) Field tests on plots have
been performed to determine the relative value of various materials
under conditions of normal infestations on beans and where the prac-
tical eontrol ean be observed most suceessfully, (2) tests have been
made upon single bean plants with several materials to gain a knowl-
edge of their ovicidal and inseetieidal properties, and (3) special and
detailed studies have been made of bordeaux mixture and sulfur
produets and of the temporary inseeticidal effect produeed by them
through the plant. The plot tests were made upon the plantings on
the farm of the Ohio State University or one of the other State insti-
tutions in Columbus. The individual-plant tests were made in the
insectary described in an earlier bulletin (16).2

1 Submitted for publication July 18, 1939.

2 Field assistant during the summers of 1924-32.
3 Italic numbers in parentheses refer to Literature Cited, p. 60.

235562—40——1 1
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MATERIALS USED IN PRELIMINARY STUDIES

The series of experiments performed in 1926, 1927, and 1928
showed best control with bordeaux mixture and pyrethrum products.
From the standpoint of immediate killing the pyrethrum is the better
of the two, for all the nymphs and adults reached by the insecticide
are usually killed in a few minutes’ time, but it has no lasting toxic
qualities. From the standpoint of seasonal control the bordeaux
mixture is better, for it has an effect for several days on the nymphs
that hatch after its application, although it is much slower in its
toxic effeets.

The nicotine-soap and nicotine-oil combmatlons were never satis-
factory, even with different methods of application and when applicd
under different climatic conditions. A partial control was usually
effected, but in no case a commercial control. ¥Where the leafhoppers
were temporarlly stupefied they revived.

Derris extract proved less effective than either pyrethrum or
nicotine.

Very promising results were obtained with monohydrated copper
sulfate dust, which gave a marked reduction in the populations buit
was in no case as good as bordeaux mixture. In the dry dust form it
seems to repel the leafhoppers, which, soon after its application, leave
the plants; but when the dust becomes wet upon the plants it seems
to act very mueh like bordeaux spray, and the leafhoppers remain on
the plants and die as a result of feeding there.

When these studies were first begun many materials were used in
the field to determine their relative toxicity. Following this, many
materials were used in the insectary. Table 1 summarizes the fiell
tests of these 3 years.

TaBLE 1.—F1ield insecticide tests agamsl Empoasca fabae on bean plants, 1926-28 !

Treatment Results obtained | Remarks

Nicotine sulfate 1solution 1 pint and mis- =~ About 60-percent control ____ 2 or 3 nymphs per leaf alive.
cible 0il? 1 gallon to 100 gallons of water.

Nicotine sulfate ? solution 1 pint and 2 | Notsatisfactory control._.___| Large nymphs and adults not
pounds of wbite laundry soap to 100 killed.
gallons of water.

Nicotine sulfate 3 solution 1 pint and | ligh mortallty. .. ___.._ ... Average 2 or 3 llve nymphs per
commercial white oil emulsion ¢ 2 gal- plant.
lons to 100 gallons of water.

Commercial white oil emulsion 4 2 per- | Notsatisfactory control _____ Manykﬁllr%e nymphs and adults

not ed.

cent.
Bordeaux mixture:
2—4-50.

Very few nymphs alive,

3-3-50_ ... Do
Do.
Do.
Do.
Do.
2-4-50 plus arsenate of lead 1-50.. Do

Lessthan 11livenymph per plant.

.| Plant injury 10-20 percent.

Very few nymphs allve.

Lesslthan 1live nymph per plant.
Jo.

3-3-50 plusarsenate of lead 1-50__ __
3-6-50 plus arsenate of lead 1-50___ .
4-4-50 plus arsenate of iead 114-50..
4-6-50plusarsenate of lead 1-50_____ d

5-8-50 plusarsenate of fead 1-50______ do.........

I Tests were performed between June 23 and Ang. 19 during 1926, 1927, and 1928, and resuits were based on
examinations made 4 days to 2 weeks after treatment.

2 Containing 40 percent of free nicotine.

¥ A proprietary material.

4 Refined white oil, unsulfonatable residue 98 percent, viscosity 75-80 percent.

4 Since the results of these experiments were put in manuscript form, in October 1931, data obtained in
1932 and 1933 have been added.
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TABLE 1.—Field insecticide tests against Empoasca fabae on bean plants, 1926~28—

Continued
Treatment Results obtained f Remarks
Pyrethrum spray: |
Japanese beetle formulad1-15._._____|____. do._ --| No nymphs er adults remained

alive.
1-19 . --- Do.
1-38. . .- Do.
1-76_. _ a3 Do.
1-152. Do.
1~200. .- Do.
1-250. ---| Averagellareenymph to a plant.
1-304 . . o|ecmdol . Very few nymphs alive.
14000 .- ___________ . ) - Do.
Modified pyrethrum spray, 1 gallon of |_.__. do.. ... | Do.
modifled Japanese beetle formula ¢ to
200 gallons of water.
Modifled pyrethrum spray¢1-300 _.___. : Do.
Commercial pyrethrum sprsy  }% ounce Do.
to 1 gallon of water.
Commercial pyrethrum sy ray 5 }4 ounce Do.
to 1 gallon of water.
Commerecial pyrethrum extract 71 ounce j.___. doo.oo_ Do.
to 6 gallons of water.
Commercial pyrethrum extract ?1ounce | ....do_...._. ... .____. | Do.
to 12 gallons of water.
Commercial pyrethrum extract 71 ounce | Not satisfactory _.____.__.__ Many large nymphs and adults
to 24 gallons of water. not killed.
Monohydrated copper sulfate, hydrated | High mortality ___.___..___. Very few nymphs alive.
lime 20-80 (applied to dry plants).
Do_ .| Partial control only Several nymphs per plant alive.
.| High mortality.__ A few nymphs per plant but very
marked reduction. Not as
good as when used on wet
foliage.
DO e Ngt slatisl‘ actory. partial con-
rol.
Monohydrated copper sulfate, hydrated | High mortality, at least 90 | Seems to act like bordeaux spray
lime 20-80 (applied to wet planis)s. percent control. when applied to wet plants.
Sulfurdust® ___________ ... Partial control.............. | H]i{g_ﬁ %ercentage of large nymphs
illed.
Sodium fluosilieste 19 spray 2 pounds to | Not satisfactory_........._.. | Population not reduced.
50 gallons of water. |
Sodium fluosilicate !0 (dust) Do.
Sodium fluoride, bentonite 1-2(dust).._.. Do.
Sodium fluoride, diatomaceous earth Do.
1-2 (dust).
So(%ium) fluoride, hydrated lime 1-2 [..._. A0 | Do.
ust).
Arsenate of lead 11, monohydrated copper | Partial control, about 60
sulfate, hydrated lime 1-1-8 12 (dust). percent killed .
Thiocarbanillde preparation and flour | Not satisfactory ._..____.__ | No reduction in population.
2-4-5013 (dust).
“Calcium fluosilicate compound”’ (dust) |- ___ do . . Do.
Calcium cyanide (dust) _| High mortality. 10 percent plant injiry.
_ Average of 60 nymphs per plant.
.. Average of 30 nymphs per plant.
... Averageof85nymphs per plant.
Average of 60 nymphs per plant.

s Consisting of commercial oleoresin of pyrethrum flowers, 9.5 ounces; oleic acid, U. 8. P., 5 pounds;
sodium hydroxide, C. P., 11.2 ounces; water, 2.5 gallons (25). .

¢ Same a3 5 except that a proprietary miscible oil was substituted for the oleic acid.

7 Commercial product made sceording to Japanese beetle formula.

8 Applied after plants were sprayed with water.

¢ 200-mesh dusting sulfur. .

10 Commercial product econtaining 70 percent of Na;SiFs.

11 References to lead arsenate mean the commercial grade of acid lead arsenate. .

12 Unless stated to the contrary, all proportions of dry materials are on the basis of weight.

13 CS(CeHsNH)2.
OVICIDAL TESTS

Several series of tests were conducted to determine the value of
some commonly used types of spray against leafhopper eggs.

Since the eggs are deposited in the plant tissue, no definite count
could be made of the number treated or the number on the plant at
the time of treatment. Therefore fertile females were selected and
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several were permitted to oviposit upon a plant for a definite number
of hours. They were then transferred to another plant and permitted
to remain on 1t for the same length of time, and this was repeated
several times. Each alternate plant was then treated, leaving an
intervening check for each treated plant. It was assumed that the
number of eggs laid by each group of females would average approxi-
mately the same from day to day. Counts were then made to as-
certain the number of eggs hatching on eaeh treated and untreated
plant. Although averages of the same treatment in different series
are not fair representations of these data, owing to the use of different
females for oviposition and to the different seasonal conditions, these
averages are given in order to condense the detailed data. The cheeks
showing the numbers of cggs that hatched on untreated plants exposed
to the same females immediately before and after the treated plants
were exposed give the best data for drawing conclusions. In table 2
the total number of eggs hatching on each treated plant, the total
number of days it was exposed to females for oviposition, and the
average number of females for the period exposed are used to compute
the number of eggs per female per day which hatched after each treat-
ment. For comparison, data concerning an untreated check follow
the data for each treated plant.

TaBLE 2.— Tests of the ovicidal effects of materials against Empoasca fabae

|
Hatched
Average | Days Total
Treatment ! females | oviposi- eges fﬂg; gg
on plant | tion hatched fernale
Nicotine sulfate ! solution 1 pint and 2 pounds of white laundry | Number | Number | Number = Number
soap to 100 gallons of water___ 2.0 2 25 6.2
Check ... 4.0 | 2 32 4.0
Misclble oll 2 1 percent, resl 4.6 8 62 1.7
4.1 16 186 2.8
. 4. 24 9 74 1.9
Check ... ... 4.28 12 163 3.17
Bordeaux mixture 4-4-50, nicotine 4.42 11 64 1.3
Check . e 4.6 15 121 1.7
Miscible oil,® substituted for oleic acid in Japanese beetle
formula $1-19. .. - 3.2 8 2.65
ChecK. oL - 4.0 14 170 3.04
Summer white oil emtulslon ¢ 3 percent _ B - 4.5 8 73 2.03
ChecK. - [ 4.22 14 163 2.76
Special miscible oil ¢ 3 percent, plus pyrethrum extraet from
1 pound of flowers for each gallonof oil. __________ - 3.0 8 43 1.7%
: - 4.4 10 95 2. 16
4.0 4 102 6.37
4.0 4 42 2.62
5.0 2 12 1.2
4.0 4 55 3.44
4.75 6 20 .70
4.28 11 108 2.29
4.5 4 33 1.83
cek oo - 3.5 4 30 2.1
Averageof checks__ _______ . _______.._ 4.12 9 105 2.83

1 Refer to table 1 for all footnotes.

Although reduced hatchings resulted from some treatments, none
of these tests indicate successful control or give promise that the
materials have ovicidal value, because large percentages of eggs
hatched in every case. These results were verified by the fact that
large numbers of eggs hatched on plots in the field treated with these
same spray materials.
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INSECTICIDAL TESTS
Cace Trsts

Several series of insecticidal tests were performed on potted plants
infested with nymphs of the leafhopper, and in the tests various
types of materials were used. As indicated in table 3, which shows
the resulting mortality, most of these are good insecticides. As they
are not good ovicides, however, and have no effcct on nymplis hatch-
ing after the application, they cannot be used economically as com-
pared to materials containing copper sulfate, which, as shown else-
where, are good insecticides over periods of several days and are thus
effective during the period of hatching on the plant. Repcated
applications must be made of these other materials for the hatching
nymphs during the same period. Some of these are very toxic to the
nymphs at the time of application and, as indicated, will kill all the
nymphs on a plant within a few minutes’ time.

TaBLe 3.—Cage lests with insecticides against nymphs of Empoasca fabae

Days
Material and strength 1 after | Mortality Remarks
treatment

Number | Percent
Modified pyrethrum spray, 1 gallon of modified 1 91.1 | Mostly killed within 1 hour

Japanese heetle formula® to 200 gallons of water after application.
1-300.
Pyrethrum spray (Japanese beetle formula$ 1-15) 1 94,7 | Mostly killed within 10 min-
1-304. utes after application.
Nicotine sulfate ? solution 1 pint and 2 pounds of 1] 97.7 | Mostly dead 5 hours after
white laundry soap to 100 gallons of water. treatment.
Commercial pyrethrum spray,* 14 ounce to 1 gallon 1 100.0
of water.
Special miscihle oil 2 2 percent, plus pyrethrum ex- 1 100.0 | Killed within 5§ minutes
traet from 1 pound of flowers to each gallon of oil. after treatment.
Special miscible oil ? 1 percent, plus pyrethrum extract 1 100.0
from 1 pound of flowers to each gallon of oil.
Special miscihle oil ¢ 0.5 percent, plus pyrethrum ex- 1 100.0 | 30 dead in 14 hour.

tract from 1 pound of flowers to each gallon of oil.
Sodium oleate:

1 100.0
1 60.5
1l 700
1 70.0
2 90.0 |
1 56.8
2 88.6
1 47.6 |
2 80.9

1 Refer to table 1 for all footnotes.

The results of these tests would indieate that pyrethruin, nicotine,
and spceially made oil cmulsions are the best control materials; but,
as indicated under the discussion of the ficld-test plots, certain of
these do not give similar results under field conditions and very fow,
if any, have any effcct on nymphs hatching later. Therefore per-
centages of mortality obtained in cage tests tell only a portion of the
story.

After these field studies had revealed that bordeaux mixture had
a residual value which caused newly hatching lcafhoppers to be
killed soon after feeding on a treated plant, it was decided to make a
special study of bordeaux mixture as an nsecticide, and cspecially
to find under what conditions and in what ways it caused insect
toxicity.
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BORDEAUX MIXTURE AS AN INSECTICIDE

ResuME oF THE Ilistory oF BorpEAUX M1XTURE AND PrEVIOUS WORK
PERFORMED

Extensive investigations of bordeaux mixture have been made,
principally by botanists, plant pathologists or physiologists, and
chemists. Before attempting to discuss the present investigations and
conclusions drawn from them, therefore, it will perhaps be well to
survey in brief the history of bordeaux mixture and the more important
and recent work performed on it by various workers, especially in the
bearing on the problem at hand.

So far as records go, the first recognition of bordeaux mixture as a
fungicide dates back to the fall of 1882. It was then that Millardct
(37) discovered that a mixture of copper sulfate and lime was an exccl-
lent control measure for downy mildew of the grape. This compound
of copper sulfate and lime soon became known as bouillie bordelaisc,
or bordeaux mixture, and was uscd extensively as a fungicide after
1887, when Millardet and Gayon (38, p. 704), after extensive experi-
mentation, improved and recommended the mixture for general use.

Later bordeaux mixture was found to possess both repellent and in-
secticidal properties, especially when ingested with food. An atteinpt
was then made to increase its gencral eﬂ'ectweness as a pest control
by the addltlon of arsenicals and other 1110rgamc compounds, as
stomach poisons for chewing insects, and organic poisons like nicotinc.
Bordeaux mixture alone, however, was not considered as an eflective
control for insects, especmlly those witls piercing, sucking mouth parts.
Bourcart, as mentioned later (6), was the only one to report otherwise
concerning its effect upon piercing, sucking insects until 1922.

The most perplexing problems in the use of bordeaux mixturc have
related to its action on plants or plant processes, and even the question
of its use and value as an insecticide has involved this same problem.
There is still a great diversity of opinion as to the exact manncr in
which the copper sulfate in bordeaux mixture can function as a fungi-
cide and at t?le same time excrt a stimulative action on plants and be
toxic to insects.

It has been thoroughly demonstrated that the supernatant liquid of
properly prepared bordeaux mixture contains ouly very minute quan-
tities of dissolved copper, and these require very delicatc tests for
recognition. When plants are sprayed with bordeaux mixture the
re31due left on the foha%e after the spray has dried contains copper

Eounds of very small solubility in water. The precipitate formed

in the preparation of bordeaux mixture was at first believed to be
copper hiydroxide. According to Pickering (41)—
The substances formed on the addition of lime to copper sulphate as in the prepa-
ration of Bordeaux mixture are dependent on the proportions of lime used, and
may be either (approximately so far as the CaSO, is concerned): (1) 4CuO, SO,
0.06 CaSO0,, (2) 5 BuO 503, 0.25 CaS0,, (3) 10 CuO, SO;, 1.30 CaS0y, (4) 10 CuO
S0;, 4Ca0, S0O;, (posslbly 5) 10 CuO, SO;, 10 CaO, SO;, or (6) CuO, 3Ca0; that
present in most cases probably being (4)

The basic sulfates 4Cu0O-S0; and 5Cu0 - S0, are somewhat soluble in
the mother liquor, the former 1 part in 40,000 and the latter only 1 or
2 parts per million. The other basic salts are quite 1nsoluble m the
mother liquor, but these dissolve to a slight degrce in solutions of
dextrose, saccharose, and other similar organic substances.
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The composition of bordeaux mixture will vary in the number and
proportion of these basic sulfates, depending on the ratio of copper
sulfate to the calcium hydroxide used. According to Butler (7, p. 1560),
if a moderately strong lime is used with copper sulfate in proportions
of 1:1 or stronger, a more voluminous basic sulfate tends to form
composed of the higher basic sulfates (10Cu0.SO, and
10Cu0-80;-3Ca0).

THE SOLUBILITY OF COPPER FROM BORDEAUX MIXTURE

Since the cffect of bordeaux mixture on insects is apparently through
the plant, the conditions determining its effectiveness are of basic con-
sideration in a study of bordeaux mixture as an insecticide. In 1909
Crandall (14, pp. 223-228) summarized the work that had previously
been completed on this subject and discussed at length the question of
the solvent action of carbon dioxide mecteoric waters, ammonium
compounds, nitrates, nitrites, and other materials upon the copper
from bordeaux mixture. Millardet and Gayon (38, p. 699) empha-
sized the eflectiveness of carbon dioxide as a solvent for copper from
bordeaux mixture. Swingle (52, p. 20) suggests the possibility that
rain water and dew upon the plant leaf absorb sugar and other sub-
stances that may increase the solubility of copper. Clark (10, p. 42)
found that the host plant, when placed in water, is responsible for the
solubility of copper from bordeaux mixture. He further describes a
condition which he calls exosmosis. Bain (4, pp. 53-64) studied
especially the possibility of glandular secretions on the leaf and petiole
causing tho solubility of copper. According to the view of Schander
(44, p. 526), germinating spores are responsible for the solution of
copper from bordeaux residue on tho Yeavcs. He designates the
following three possibilities regarding the action of bordeaux mixture
on plants: (1) That acid socreted by the plant dissolves copper from
copper hydroxide, the leaves then taking up this dissolved copper and
being injured (44, p.579); (2) that glandular secrctions may be alkaline
but act as solvents for copper; and (3) that small quantities of copper
salts are dissolved by rain and dew and penetrate the epidermis into
the interior of the leaf (44, p. 582). According to Ostwald (40)
certain complex copper compounds are formed when lime is added in
excess to copper salts in the presence of organic compounds like sugar,
which are not precipitated from solution hy alkalies.

THE PENETRATION OF COPPER INTO LEAF TI1SSUES

Authorities also disagree considerably as to how copper, if dissolved
from bordeaux residue, can penetrate into plant tissues and exert
its known effects on plants without injuring them. This problem is of
fundamental importance also in relation to the insecticidal problem.

When water-soluble copper enters the leaf it frequentlv cansos a
toxic influence by killing the protoplasm of a number of cells in a lim-
ited area. Millardet and Gayon (38), Aderhold (1), Schander (44, p.
536), and others hold the view that copper in solution penetrates t[{)e
cells by direct contact. According to this theory the copper is locked
in the dead cells and does not spread through the leaf. On the other
hand Rumm (42, 43) proposed a theory which he calls chemotactic
action, and he suggests an electrical attraction between cell proto-
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plasm and the bordeaux film upou the leaf. Niageli (39) found that
the chlorophyll bauds of Spirogyra were broken up by the proximity of
metallic copper, and Ire named the force which caused this action
oligodynamic. Rumin’s theory of poisonous action resulting from
contact without penetration was based on his work on Spirogyre and
was supported by Frank and Kriiger (28) and by Zucker (54).

Crandall (14, p. 229) quoted [by translation] from Schander (44,
p.639):

Zueker found plants treated with Bordeaux more resistant to etiolation than
untreated plants, and partially etiolated plants plaeed under treatment developed
the normal green eolor. He regards the aetion as an electrical stimulus and
“sinee in all plants more or less weak electrieal eurrents are produeed by the
motion of the water in the capillary spaces, it is reasonable that the deposition of
a strongly eleetro-positive substanee, like eopper hydroxide, upon the leaves
should be eapable of intensifying the plant currents with stimulating effect upon
the aetivity of the protoplasm.

According to Aderhold (7) and Schander (44, p. 537) the stimulating
effect of copper is caused only rarely and then by penctration of the
cells, whereas injury is attributed to the accumulation of copper in
sufficient quantity to kill cells.

Schander (44, p. §45) conducted experiments in which pricked aid
uninjured leaves were exposed to copper sulfate solutions. Injured
leaves were penetrated by weak copper solutions. He concluded that
the epidermis of normal leaves was capable of preventing the penetra-
tion of copper compounds. If penetration and acumulation of eopper
does occur, it probably is present only in minute quantities unless
chemical changes take place whiclr form new compounds that are
noninjurious to living cell protoplasm.

EFFECT OF BORDEAUX SPRAYS UPON THE PLANT

Various phases of this subject have been studied by several workers,
A brief summary of their results and conclusions is sufficient to show
that most of them believe that bordeaux sprays cause changes in
either the morphology or the physiology of the plant or both.

Copper salts, according to Sorauer (49, p. 33), caused the parenchy-
ma cells to be hypertrophied.

Frank and Kriiger (28) secured a better growth of bordeaux-sprayved
potatoes and they considered the effect more physiological than
nmorphological. A rise in transpiration ocenrrcd. The clilorophyvll
content was apparently increased and more starclt was forined. The
leaves were longer and thicker and the length of life was greater when
bordeaux mixture was applied. The greater quantity of starch
produced required storage and this took plaee in the tubers. Tliey
found the ratio between tubers produced on treated and untreated
plants to be 19:17 and 17:16. They concluded that an increase in
photosynthesis resulted dmne to the copper sprays.

Rumm (42, pp. 83-85) found that bordeaux-sprayed leaves were
darker in_color and morc robust than those unsprayed. Microscopic
examination showed an increase in the number of chlorophyll grains
in the sprayed leaves, and measurements of tlre thickness of spraved
and unsprayed grape leaves gave a range of 2.17 to 16.31 micromilli-
meters greater in favor of the sprayed leaves. Turthermore, he (43)
thought that morphologic changes took place due to copper which
penetrated the growing leaf. The parenchyma, the palisade cells,
and the cpidermis were all thickened on the sprayed plants,
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Lodeman (33) also obtained a thickening of both plum and prune
leaves by similar applications. Harrison (30) produced thickened
leaves also on plum, peach, and pear with bordeaux sprays. Zucker
(64), working entirely in the greenhouse, obtained increased transpi-
ration and an increcase in the chlorophyll content and the assimilative
power by the use of bordeaux sprays. Chuard and Porchet (9)
obtained the same results by injecting dilute solutions of copper into
the plant that others had obtained by spraying the plant with Eordeaux
mixture. By injecting copper into grape thev obtained more intense
?olor and more vigorous growth and increased the length of life of the

eaves.

Schander (44, p. 576) thought that the shading effect of bordeaux
residuc on the leaf caused a greater absorption of carbon dioxide. He
beheved also that copper which penetrated the leaf changed the rate
of respiration and assimilation. Ewert (22) concluded that bordeaux
mixture hindered rather than stimulated plant growth because ab-
sorbed copper ehecks the diastase action and the starch is piled up in
the chlorophyvll bodies. Amos (2) found that bordeaux mixture di-
minished the assimilation of the leaves for a short time after treat-
ment by blocking the stomata of the leaf, causing less air to diffuse
into the intercellular spaces.

Dugger and Cooley (20) used potted plants and showed that the
rate of transpiration was increased in potato plants treated with
bordeanx and other films. Lutman (35) in his early work concluded
that small quantitics of copper enter the leaf and that a chemical
combination takes place between the copper and the chlorophyll.
He also concluded that the palisade and parenchyma cells were
thickened by the use of bordeaux mixture and that the number of
chlorophyll bodies was increased. In his later work he decided that
the phvsiological cffect was due to reduced tipburn and flea beetle
mjury and not to stimulation.

EARLY NOTICE OF TOXIC EFFECTS ON INSECTS

The larger part of the work on hordeaux mixturc as an insecticide
reported to date has been performed within the last few years. A few
early workers, however, reported successful control with this material.

Bourcart (6, p. 260) noted:

Bouillie bordelaise is regarded by Dr. Mcnudier, Mohr, and D’Angclo as being
sufficient to remove the phylloxera. 1)’Angelo has used tlis process in the island
of Elba with full success. The treatment comprised two sprayings of the stock
with a bouillie bordelaise of 1.8 per cent blue vitriol and 1 per cent lime, and three
sprayings with a 5 per cent solution of blue vitriol containing sulphur.

This control was in all probability attributed to either a repellent or
a contact insecticidal action. The addition of sulfur to certain of
these spray treatments would tend to substantiate this view.

In discussing otlier experiments performed by D’Angelo, Bourcart
6, p. 211) states that he—
met with complete success against the phylloxera in the island of Elba, by in-
jecting blue vitriol into the diseased stocks. Dying vines revived by this treat-
ment, for the phylloxera disappeared from the stocks treated.

Apparently two things may have happened. The disappearance
of the‘phylloxera was apparently due to a host therapeutlc‘condltlon,
for it i= known today that when some plants arc treated with copper

235562-—40—— 2
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compounds, especially bordeaux mixture, the sap becomes toxic to
certain sucking insects. Likewise the dying plants were probably
revived more quickly because, as it is thought at the present time,
copper salts, especially copper sulfate, when applied in proper propor-
tions, llave a stimulating effect upon plants. It is apparent that
D’Angelo did not recognize what he had accomplished, or the im-
portance of his observation. Otherwise, it would not have been
necessary to wait until 1919 for further insecticidal observations when
Fluke (26) and, later, Dudley and Wilson (79) and Fenton and
Hartzell (23, 24) proved that bordeaux mixture alone was toxic to the
potato leathopper (Empoasca fabae) an insect with piercing, sucking
mouth-parts.

The investigators last mentioned noticed that leafhoppers had dis-
appeared from plants that had been treated with bordeaux mixture a
few days previously, and attributed this in part to a repellant action
of the spray. They did, however, remove single leaves from treated
plants and enclose them in shell vials with individual leafhoppers.
While the condition of the leaves and leafhoppers left thus enclosed
would not definitely explain in any way how they were affected by
bordeaux mixture, the observations made should be mentioned liere.
They found that in not a single case did any of the nymphs feeding
on sprayed leaves become adults. They also noted that the nymphs
“would moult once but very often death occurred directly after the
casting of the exuvium or even before the nymph could completely
extricate itself”’; also they state that “the younger the insecct, the
quicker death resulted upon being confined on a sprayed leaf, the length
of time ranging from approximately two days in the case of the first
instar to about six for the fifth.” On uusprayed leaves the nympls
could easily be reared to maturity in similar vials. On the other hand
they were in doubt regarding the toxicity of bordeaux mixture against
adult leafhoppers but thought it not very toxic.

With this preliminary work and these observations on this coin-
pound as a beginning, the writer, with others, began an investigation
in 1928 to determine if possible the role of bordeaux mixture as an
insecticide (15, 17, 18).

Observations were first made in the field upon several series of bean
plants that had been treated with a variety of materials, including
bordeaux mixture. In these plot tests it was noted that pyrethrum
extracts killed all the leafhoppers within a few hours after the spraying.
They had no effect, however, on the young leafhoppers that hatched a
few hours after treatment, consequently those able to hatch during a
period of about 10 days after treatment, from eggs already placed in
the plant tissue, soon comprised a rather large population. In the
experiments with bordeaux mixture it was observed that there was
no immediate cffect on the leafhoppers, for at the end of 24 hours after
spraying they were as abundant as at the time of application. After
this period, however, they died gradually, until at the end of 3 or 4
days all had succumbed. Observation a week after spraying showed
no new leafhopper populations, and the newly hatched nymphs, except
the very small ones, were dead. The 1nost interesting phases of this
control of the leafhopper by bordeaux mixtures seemed to be a delayed
but certain killing of the individuals present and a continued lethal
action against hatching nymphs for a considerable time after applica-
tion.
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1t is & common field practice in leafhopper control to spray the crop
when the insect is present, the spray thus coming in contact with the
leafhopper. This type of treatment was used on potted plants as a
starting point in the experiments to test the action of bordeaux mixture
as an insecticide. Plants thus treated showed some nymphs of all
stages dead 24 hours after spraying, and at the end of 4 days not more
than 5 percent of the total leafhopper population survived. At the
end of 6 days after treatment all the leafhoppers usually were dead.
At the end of the saine 6-day period leafhopper checks upon untreated
plants under conditions exactly the same as those upon treated plants
showed 85-percent survival. The leafhoppers apparently feed as
normally on the treated plants as they do on untreated plants and,
furthermore, there is no indication that they attempt to leave the
sprayed plants for unsprayed plants.

Tests To DETERMINE WHETHER BorpeEaux Mixture Is Ao Contacr
INsECTICIDE

In view of results obtained by spraying plants when the lecafhoppers
were on thein, experiments were performed to deterniine, if possible,
whether bordeaux mixture kills by contact with the insect. The prob-
lem was approached in two ways in order to determine what had been
the action of bordeaux mixture on the leafhoppers in the series of
experiments just discussed. The first method consisted of spraying
the plants and then placing the leafhoppers upon them after tho
bordeaux mixture had dried, thus eliminating the possibility of the
spray covering the insects. The second method was to drench the
leafhoppers thoroughly with the bordeaux mixture and then place
them upon untreated plants, thercby ascertaining whether this ma-
terial has any value as a direct contact insecticide.

Both nymphs and adults in large numbers were tested by the first
method. The interval of time after treatment and before the insects
were placed on the plant was varied greatly in different trials. When
leafhoppers were placed on these plants a few hours after treatment,
all died within 4 or 5 days. 1f not placed upon the treated plants until
2 to 3 weeks after the spraying, the leafhoppers died in approximately
the same time as they did when placed on the plants soon after the
plants were sprayed. This indicated that it was not necessary to
strike the insects with spray material to kill them.

There still remained the possibility that the residue of bordeaux
mixture, when dry upon the plant, might act as a contact insecticide
as the leafhoppers moved about on the leaf. To eliminate such pos-
sible action an attempt was made first to remove the residue from
treated plants by washing them in running water a few days after they
were sprayed. The leaves were cleansed as thoroughly as possible
without mutilating the tissue. Although all visible stains and residue
of bordeaux mixture were removed fromn these plants, the leafhoppers
placed upon them died in 4 or 5 days. Typical symptoms indicated
that the insects were being killed by effects of the bordeaux mixture.
The period of time required to kill the insect corresponded in these
experiments to the cases where the plant foliage was normally still
covered with the spray while the leafhoppers were being permitted to
feed upon it.
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The second method was to spray the leafhoppers and then place
them on untreated plants. Leafhopper nymphs were sprayed in a
container in order to effect a thorough drenching and it was sometimes
necessary to rescue many of them from a pool of bordeaux mixture.
Many of these were so completely soaked that they were not active
for several minutes after treatment. When they showed signs of
activity, the leafhoppers were immediately placed upon untreated
plants, where they fed normally during the remaining days they were
under observation. In spite of this severe treatinent, less than 5 per-
cent had died at the end of 6 days, and in certain specific tests all the
leafhoppers survived such contact treatments and remained alive
from 10 to 12 days.

EXPERIMENTS WI1TH FEEDING CELLS

An attempt was next made to climinate the contact factor entirely.
In view of the ncgative results obtained from the experiment per-
formed to determine the value of bordcaux mixturc as a contact
insecticide, and in the light of previous results by other workers on the
effect of bordeaux mixture as a stimulating agent to plant tissues, a
series of cxperiments were carried on to determine the effect of bor-
deaux mixture on leafhoppers when they were permitted to feed on
bordeaux-sprayed plants but werc prevented from coming in eontact
with the spray material on thc plant. This was accomplished by
preventing the portions of foliage upon which the insects were to be
fed from being hit by spray material. It was also necessary to enclose
the insects in a specially econstructed feeding cage so as to confine their
feeding to the unsprayed part of the foliage in order to be certain that
the contact factor was not causing the rcsults obtained. In these
cxperiments only one surfacc of the leaf was treated and the leaf-
hoppers were confined to the other surface.

Diffcrent types of glass fecding cells were tested and the best results
were obtained with pieces of glass tubing about 2} inches long and 2%
inches in diameter with a ring of chamois cloth a little wider than the
thickness of the glass wall glued on the edge of the glass at one end.
The cloth, when brought in contact with the leaf surface, makes a
closely fitting joint between the lower surface of the leaf and the hairy
fiber of the cloth, preventing thc leathoppers from escaping between
the edge of the glass where, because of the large veins in the under-
surface of the leaf, it does not touch the leaf tissue. The other end of
the glass cell was covered with thin cheesecloth to allow free circula-
tion of air. The cells were pressed against the selected leaves and
held at the proper height by wire supports stuck into the ground (fig. 1).
In this type of cell the leafhopper can feed normally under controlled
conditions.

As a rule the upper surface was treated and the leafhopper nymphs
were placed upon the undersurfacc, since this is the normal position of
feeding under field conditions. It was soon observed that a small
number of nymphs took all the cell sap from a small unit of leaf tissue
in a very short time. Consequently a considerable area of leaf tissue
was necessary for the continued feeding of only a small number of leaf-
Loppers while they were under observation. The plant juices are
apparently extracted and pumped through the bo£es of the leaf-
hoppers in large quantities, as evidenced by thc large quantity of
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excrement deposited on the walls of the feeding cells. It was neces-
sary, therefore, to limit the number of leafhoppers in a single cell to
five or six at a time and to use a number of cells in order to have a
representative number of inscets in each experiment. Glass feeding
cells of the same type werc used as checks on untreated plants in

K P

Figure 1.—Glass feeding cells for experiments with leafhoppers.

exactly the same way and with the same number of leafhoppers to a
cell.  The results of these tests were variable owing to differences in
temperature, size of nymphs, and other factors, but in general they told
the same story in every case.

In one scries of tests 60 percent of the leafhoppers had died 5 days
after they had becn placed on the plants, and less than 5 percent of
those in the check had died. At the end of 10 days the treated plants
showed 82 percent dead and the check less than 5 pereent. Another
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series showed 84 percent dead on the treated plants at the end of 7
days and 50 percent dead on the checks, and at the end of 14 days 95
percent dead on the treated and 50 percent dead on the ehecks.
Although the check in this case showed a high mortality, the mortality
was almost twiee as great on the treated plants. The presenee of a
natural enemy, too, lhiad apparently eontributed to the death of some
of the leathoppers on the check plants. These enemies were not pre-
sent on the treated plants.

A third series was performed when temperatures were mueh lower
and when the rates of feeding and metabolism were consequently
much slower. Under these conditions only 50 percent were dead in 10
days and only 62 percent in 14 days, wlereas the cheek showed 18
percent dead at each examination.

Although the mortality varied greatly in these different series of
experiments, the bordeaux-sprayed plants in each case showed a much
higher mortality than the check plants. It will be noted also that the
rate of killing was slower in all the experiments where cells were used
than where the inseets were placed on plants treated with bordeaux
mixture on both surfaces of the leaves. Since only one surfaee of the
leaf was sprayed, however, the quantity of bordeaux mixture present
on the leaf was only about one-half as great asin these other tests and
consequently the amount of copper available must have been eorres-
pondingly less.

While the plants were being sprayed the roots were sufficiently
protected to prevent any bordcaux mixture from getting into the soil or
coming in contact with the roots. Under field eonditions it is entirely
possible that the roots might absorb bordeaux mixture, but the spray
on the leaves would seem to be the more important factor.

While these tests have not proved the point in question, they have
given strong indications that these leaflioppers obtained copper in
some form, or some plant product induced by this spray, from the leaf
tissue upon which they fed, and were apparently obtaining this
material from the cell sap. It is known that when bordeaux mixture is
sprayed upon the leaves it apparently stirculates plant growth in sonme
cases, and that other insecticides in the soluble form are taken up by
the plants (13, §2, 53), and the indieation from these leafhopper tests is
in accordance with this known efleet upon the plant. é)mith and
Poos (48) have recently demonstrated by mieroscopic examination of
plant tissues injured by Empoasca jabae that during exploratory
punctures made by this leafhopper while in search of fresh phloem the
nllloulth fpartvs sometimes reach the epidermis on the opposite side of
the leaf.

Symprroms oF BorpEaux PolsonNing

Observations made during these experiments have indieated that
certain conditions or symptoms are charaeteristic in leafhoppers that
die from the effeets of feeding on foliage sprayed with bordegux 1nix-
ture. In these cases the characteristic bright-green eolor is usually
replaced by yellow within 48 hours after they have begun to feed.
In 2 or 3 days after beginning to feed on bordeaux-sprayed foliage
they become weakened or inactive and fall from the plants. After
once dropping from the plant they are unable to get baek or move
about in any decided way, and if placed on the plant they arc unot
able to remain upon it. This seems to be some type of motor par-
alysis, and the insects eventually lose their ability to move about.
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This condition scems linked more or less with the most charaeteristic
feature of poisoning from bordeaux mixture, that is, the inability of
the insect to molt successfully. A large proportion of poisoned insects
die during the molting process. This fact was also noted by Fenton
and Hartzell (24). The process of molting begins as usual and the
anterior part of the body is normally freed from the east skin, but the
leafhopper is unable to free the last pair of legs and the postcrior
portion of the abdomen and dies in this partly molted condition. In
the emerging adult the wings are still curled and the body is frequently
strongly arched at themiddle and remains this way until death occurs.
If earefully freed from the partly molted skins, the leafhoppers do
not live longer than if not disturbed. This seemns to be a ease of death
due to a weakened eondition, although it is possible that the molting
fluids are affected chemically, especially since the cast skins sometiines
show a light eopper-blue color instcad of the normal white.

Size oF Nymrus As ReEratep 1o Toxiary

Small nymphs are inore quickly killed than those in the fourth or
fifth instars. If only first-, sccond-, and third-instar nymphs had been
used in all these tests, not only would the length of time for killing
have been reduced, but the percentages killed would have been
areater, as indicated by the higher percentages of sinall nymphs killed.
Many of the large nymphs successfully molted to the adult stage
before death, which occurred fromn 1 to 10 days afterward in some
cases.  As arule a large nyinph cannot molt successfully to the adult
stage if it has been longer than 48 hours on a treated plant. Where
experiments were carried on with adults a much smaller pereentage
was killed and a longer time was required for killing.

ToxiciTY oF TUE PrANT Sap

Certain facts are evident from the experiments just reported.
Leafhoppers, which have piercing, sucking mouth parts and feed
exclusively on plant sap secured from beneath the epidermal cells,
were killed by covering the host plant with the residue of a spray that
had no appreciable effect on the leafhoppers when it was used as a
contact insccticide. This suggested very strongly that the insects
were securing a poison from the plant sap and that the ultimate action
was a stomach poison. There was a slight possibility that the leaf-
hoppers could ingest a sufficient quantitv of the bordeaux residuc
coating the epidernis of the plant to be poisoned thereby. It is well
known that leafhoppers and other siinilar sucking insects can feed on
plants having equivalent residual coverings of materials such as the
arsenicals, which are much more toxic as stomach poisons than
bordeaux mixture, without being aflected. Al the evidence thus
pointed to the conclusion that the sap of the plant treated with
bordeaux mixture became toxic. The leathoppers that were confined
to the unsprayed surface of a sprayed leaf and vet showed high mor-
tality added evidence to the theory that the insecticidal action of
bordeaux mixture was a problem of host therapy which probably
resulted from the residue of bordeaux mixture left on the plant after
the spray had dried.

Tt 1s evident that an investigation into the problem of how bordeaux
mixture, when sprayed on bean and potato plants in an insoluble
form, is able to render these plants toxic to the potato leafthopper, a
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sucking inscet, involves chiefly two major possiblitics regarding the
action of bordeaux mixture on plants, (1) that copper is dissolved from
the bordeaux mixture, and (2) that this dissolved eopper penetrates
into the plant tissue.

If there is a possibility of the plant absorbing copper and if this
copper ean poison the leafhoppers, then aqueous solutions of copper
compounds should be toxic when ingested directly by these inseets.
Tests were therefore econducted to find if possible whether eopper or
caleium salts in various dilutions were toxie to the potato leafhopper.

EXPERIMENTS WITH MEMBRANE FEEDING CELLS

Carter (8) has demonstrated by his work with the beet leafhopper
(Futettiz tenellus (Baker)) that leathoppers will feed on certain solu-
tions through thin membranes. For these tests about to be discussed,

Figure 2.—Cells used for experiments in the feeding of eopper solutions through
membranes.

membrane feeding cells (fig. 2) were construeted, each eell eonsisting
of a picce of glass tubing 5 inches long and 1% inches in diameter.
One end of the tube was fitted with a eork stopper bored to accom-
modate the open end of a glass vial 3 inches long by eleven-sixteenths
of an inch in diameter. The vials each held approximately 20 ec. of
liquid. The solution to be fed was placed in the vial and the open
end was then covered with a capping skin membrane. The mem-
brane-covered end was then inserted in the cork stopper until the
meinbrane was flush with the inner surface of the cork. A suffieient
margin was left on the membrane, and the vial fitted so snugly into the
cork that the membranc was held tightly over the end and was leak-
proof when inverted. The other end of the tube was covered with a
piece of cheesceloth in an attempt to keep the temperature and
humidity as nearly normal as possible.
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Usually 10 leafhopper nymphs were put in each feeding cell for
each series of tests. The solutions put 1 these vials apparently did
not attract the leafhoppers, but by plaeing these feeding eylinders so
that the souree of light eame through the membrane, the leafhoppers
would move immediately to this end and soon attempt to feed by
puneturing the membrane with the mouth parts. After they had
beeome aecustomed to feeding in this way, they would readily return
to the membrane after having been disturbed and would remain for
some time without moving when feeding.

It was thought desirable to aseertain the aetion of different food
solutions eontaining copper and caleium salts at different dilutions, as
well as the effeet of copper and ealcium salts alone at various coneen-
trations on both nymphs and adult leafhoppers. This should give
both the eomparative toxieity of the two materials and the relative
toxicity of the various dilutions of either material. Only data
obtained with nymphs are included.

Using the same method of experimental feeding, it had been de-
termined previously that leafhopper nymphs of the second, third, and
fourth instars lived on a 5-pereent solution of eane sugar for an average
of 12 days with a maximum survival period of 32 days. When
permitted to feed on distilled or tap water alone, the average period
of survival was 3 days and a maximum of 5 days. Such a test might
be considered a starvation-point test, sinee very little if any food is
obtained from distilled water. It was quite evident that wheu leaf-
lioppers were feeding on solutions of eopper sulfate and died in ubout
3 days’ time, the eause of death might have been starvation.  There-
fore a 5-pereent eane-sugar solution was used with cach dilution of
copper sulfate in eertain scries of tests, provision being thus made
against death by starvation. The relative toxieity of dilutious of
copper with sugar and without sugar are shown in table 4, with the
maximum, minimum, and average survival for eaeh dilution.  These
data are based on approximately 2,600 individual records used in
replicated tests averaging 8 individuals per test.

TaBLE 4.—Feeding experiments with leafhopper nymphs in membrane feeding cells
GROUP 1. GIVEN COPPER SULFATE (CuS0y .511;0) IN TI1E SOLUTIONS INDICATED!

Survival period | Survival period
Food solution used and _ Food solution nsed and
concentration | concentration

Maxi-  Mini- | Aver- Maxi- | Mini- | Aver-

num | mum age mum | nium age

Days Days Days Days Days Days
1-100. 1.7 0.25 . 8 1-3,000 12.0 1.0 3.2
1-300. L7 .75 .9 1-3,332 5.7 L0 2.8
1-500 4.0 .75 128 [ 1-4,000 19.0 1.0 3.59
1-666 1.5 .9 1.1 1-5,000 27.0 1.1 4.28
1-700 4.0 .75 2.25 | 1-6.000 20.0 1.3 7.2
1-900 5.0 1.0 2.25 1-6,666 10.0 1.0 3.9
1-1,000 5.0 .7 1.54 | 1-7,000 20.0 7.0 12.8
1-1,500 5.0 .75 2.43 | 1-7,500 13.0 .75 3.27
1-2,000 6.8 .75 2,92 | 1-8,000 19.0 3.0 10.9
1-2,500 8.0 .75 2.97 | 1-9,000 28.0 4.0 10.4
1-2,666 4.6 1.3 3.1 1-10,000. 14.0 .75 5.04

GROUP 2. CLIECK ON GROUD 1.
Sucrose, 5-percent solu- Tap water . 7. 0.8 2.92
tion . L 32.0 0.8 10.3 Dextrose, 5-percent solu-

Distilled water . 7.0 .8 2.4 tion 9.0 .8 3.3

11 gm. of the salt to the indicated number of cubic centimeters of a 5-percent sucrose solutlon.
235562—40———3
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TaBLE 4.—Feeding experiments with leafhopper nymphs in membrane feeding cells—
Continued

GROUP 3. GIVEN CALCIUM SALTS IN THE SOLUTIONS INDICATED!

Survival perlod Survlval period
Food solution used and Food solution used and
concentration concentration
Maxi- | Mini- | Aver- Maxl- | Mini- | Aver-
mum | mum age mum | mum age
CaClz ® \H,0: Days | Days Days Ca(NO3 2)2.4H;0: Days Days | Days
-1 3.0 0.8 1.1 1-100__ 12.0 0.8 2.4
13.0 15 5.7 2.0 1.0 12.5
23.0 2.0 13.0 25.0 1.0 15.2
GROUP 4. GIVEN COPPER SULFATE ALONE IN THE PROPORTIONS SIIOWN ¢
1.5 0.75 0.8 4.0 1.00 2.9
1.5 .75 .87 7.0 2.00 3.4
15 .75 1.02 4.0 2.00 3.2
3.0 .75 1.25 4.0 1.00 2.9
3.0 1.00 1.95 4.0 1.00 3.0
4.0 .75 1.97 5.0 3.00 2.9
4.0 1.00 2.7 5.0 3.00 3.4
40 l 200 31
|
GIVEN COPPER SULFATE IN THE SOLUTIONS INDICATED !
1.0 >1.0 1.0 10.5 >1.0 3.6
1.0 >1.0 1.0 4.0 >1.0 6.9
1.0 >1.0 1.0 22.0 11.0 15.4
GROUP 6. GIVEN COPPER SULFATE IN SOLUTIONS INDICATED *
1-666_. . >1L0 | >1L0 | >1.0 || 1-2666 .. ‘ 0.5 1.0 l 4.1
GROUP 7. GIVEN CALCIUM SALTS AS INDICATED!
>1.0| >1.0 140 | >10 8.0
>10 1.3 23.5 2.5 15.9
>1.0 15.8
>1.0 1.2
1.0 163 '
GROUP 8. CHECK LOT.
5-percent sugar___________ 30.0 4.0 15.5 10-percent sugar _ 17.0 8.0 l 12.6
Distilled water. _. - 9.0 | >L0 2.1 ’
GROUP 9. GIVEN THE SUPERNATANT LIQUID FROM BORDEAUX MIXTURE
Bordeaux mixture 4-4-50 | Bordeaux supernatant |
freshly made__ . 3.0 1.0 1.9 fluid (96 hours sect-
Bordeaux supernatant tling) ¢.______. 3.0 0.7 1.6
fluid (2 hours settling)¢. 3.0 1.0 2.1 Bordeaux supernatant
Bordeaux supernatant fluid (2 hours) + 5 per-
fluid (24 bours set- cent sugar_ .- .| 30.0 10| 146
tling) ¢ - 4.7 2.0 2.5 || Bordeaux supernatant
fluid (96 hours) + 5
percent sugar . _ i 26.0 L7 | 51

11 gm, of the salt to the indicated number of cubic centimeters of a 5-percent sucrose solution.

2 Commercial grade of CaClz .H20 used.

3 Commercial grade of Ca(N 03)2 .4H:0 used.

11 gm. of the copper salt to the indicated number of cubic centimeters of water; no sugar.

31 gm. of the copper salt to the Indicated number of cubic centimeters of a 10-percent sucrose solution.
¢ No copper shown by test with 1128,
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Although calcium salts have not been tested so extensively as
copper su%fate, preliminary tests are shown in table 4. From a study
of this table it can be seen that copper sulfate 1s much niore toxic
than the calcium salts to leafhopper adults. It seems to be 10 times
as toxic. Calcium salts used at a 1-1,000 dilution gave a survival
equal to that of the 5-percent sucrose, while only copper-sugar solu-
tions more dilute than 1-10,000 gave similar and consistent results.

Leafhopper nymphs feeding upon these solutions exhibited what
has previously been termed characteristic symptoms of bordeaux
poisoning. They died in faulty ecdysis and frequently with the back
strongly arched and the partly cast skins distinctly bluish.

Toxicity oF CopPPER 1N BorRDEAUX MIXTURE SoLuTiON

When properly prepared the basic copper sulfate in bordeaux
mixture is thought to be practically insoluble in the mother liquor.
In such a case the clear supernatant liquid should not be toxic to
leafhoppers when they are permitted to feed on it. In order to test
this toxicity, standard bordeaux mixture 4-6—50 was prepared and
allowed to settle for about 2 hours. The supernatant iquid was then
siphoned off and converted into a 5-percent sugar solution by the
addition of the proper quantity of sugar crystals. Leafhoppers
permitted to feed on this solution survived, on an average, 14 days.
The supernatant liquid was also tested for copper and gave no evidence
of copper where the reaction would have showed the presenee of cop-
per, 1f there, equivalent to a 1-50,000 solution of crystalline copper
sulfate. There is certainly nothing in this solution that is toxic to
the nymphs, and these tests have verified the opinion that the copper
in bordeaux precipitate or residue is praetically insoluble in the super-
natant liquid.

Toxicity oF CopPER TO LEAFHOPPFRS WHEN IT 1s OBTAINED ONLY
TaroUGH THE PrLANT TiSSUE

An attempt was made to test the toxieity of copper when the insect
could obtain it only through the medium of the p{)ant sap. The roots
of bean plants were placed in solutions of copper sulfate of different
concentrations (fig. 3), and the leafhopper nymphs were placed on
the plants immediately after the roots had been placed in these
solutions.

The results varied somewhat, because of the slight variation in
size or age of the nymphs. The most clear-cut and striking results
were obtained with a 1-100 dilution of copper sulfate. Leafhoppers
feeding at an average temperature of approximately 80° F. upon
plants whose roots were placed in this solution died within 6 hours,
though the plant showed no signs of the effeets of copper. At lower
average temperatures (approximately 70°) 97 pereent of all lcaf-
hoppers on these plants died within 48 hours. .

Ninety percent of the leafhoppers died in 3 days when feeding on
plants whose roots were placed in a 1-200 solution, 100 percent died in
3 days on a 1-250 solution, 96 percent died in 5 days on a 1-300
solution, 69 pereent died in 5 days on a 1-500 solution, 75 percent
died in 5 davs on a 1-900 solution, 62 percent died in 5 days on a
1-900 solution, and 62 percent died in 5 days on a 1-1,000 solution.
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These data show that a marked toxicity oceurred within 3 to 5 days
for all dilutions up to and including a 1-1,000 solution of copper
sulfate,.

Strengths of from 1-1,000 to 1-7,500 gave froin 80 to 40 pereeint
mortalitv, respeetively, in approximatelv 10 days, whereas the plants

Ficure 3.—Method used to permit leafhoppers to feed on plants whose roots
were placed in chemical solutions.

in water used as untreated ehecks gave only 15-percent wmortality
over a 10-day period.

Some little variation in percentages in all toxicity tests whew
nymphs were used is undoubtedly due to a variation in the size of
nymphs aud the difference of age within an instar. Less feeding is
performed just before molting, and the length of time required for
death is thus prolonged in some individuals.
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ANALYS1S OF LEAVES FOR COPPER

Leaves were removed at 3-day intervals from the plants whose
roots had been placed in copper sulfate solutions, and tested for
copper. If the nymphs died in less than 3 days on the stronger
concentrations, tlie leaves were examined at the time of noticeable
toxicity. This test was made by expressing the plant juice from the
leaves and removing the proteins by precipitation. Copper was then
precipitated in appreciable quantity from plants that had been held
iy solutions up to and including the 1-5,000 dilutions. Both the
hydrogen sulfide and the potassium ferrocyanide methods were used
and positive reactions were obtained.

This series of experiments has 1o practical bearing upon spraying
with bordeaux mixture, but it has demonstrated conclusively that
copper 1s _easily taken into the plant system and as such is highly
toxic to the leafhoppers feeding upon the plant, and that at the tune
of the insects’s death the copper can be detected in tbe plant juices
by chemical analysis and precipitation.

EFrecTs oF CopPER SULFATE AND CarciuM HYDROXIDE oN LEAFHOPPER
NYMPHS
NY?

To test the effect of different constituents of bordeanx mixture on
leafhoppers, sprays of copper sulfate at different strengths were each
applied to specific plants each day for 7 consecutive days. The sprays
ranged in strength from 1-500 to 1-10,000 on the different plants.
After the seventh spray, leafhopper nymphs were confined to these
plants. About 50 percent of the nymphs reached maturity hut those
that died showed typical symptoms of what has previously been
termed ‘“‘bordeaux death.” They dropped from the plants and were
unable to regain their position, or to remain there if placed on the plant.
In addition, they died in a partly molted condition.

Plants sprayed thoroughly with caleium hydroxide at the rate of 6
pounds to 50 gallons of water showed no injury, and leafliopper
nymphs were not affected by the hime. Furthermnore, nymphs that
hatched from eggs that were in the tissues of these plants when they
were sprayed grew to maturity upon the same plants witliout heing
affected.

Tests With Otner CorreEr CoMPOUNDS

Three other spray materials containing copper were used on a small
scale to test their cffect on leafliopper nymphs and the bean plants.
Different plants were treated with each of the following three materials:
(1) Aminoniacal copper carbonate (copper carbonate, 6 ounces,
amnionia, 3 pints; water, 50 gallons); (2) Burgundy mixture (copper
sulfate, 1 pound; sodium carbonate, 1} pounds; water, 50 gallons);
(3) copper soap spray (copper sulfate, }; pound; fish oil soap, 3 pounds;
water, 50 gallons).  The copper content of none of tbese sprays
exceeded one-fourth that of bordeaux mixture prepared according to
the 4-6-50 formula. o

Nymphs died with typical symptoms of bordeaux killing on plants
treated with each of these spray materials. The Burgundy mixture
killed the highest percentage (about 66 percent), which was to be
expected, since the copper content is higher in the Burgundy mixture
than in either of the other two solutions.

Shight injury to the plants occurred in some cases.
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RELATIVE ToXICITY oF VARIOUS STRENGTHS OF BORDEAUX MIXTURE
AND THEIR Errect UpON THE PLANT

Standard bordeaux mixture (4—6-50) was used in most of the field
tests, but in some cases stone lime was used aecording to the old 4-4-50
formula. Comparative tcsts were made in the laboratory with
different quantities of eopper sulfate ranging from 1 to 5 pounds. By
summarizing all the tests made with each strength of bordeaux mix-
ture, the following results were secured:

Percentage of leafhoppers

Strength of bordeaux mixture used: dead 6 days after treat ment
1-2-50_ __ RSP P <
2-4-50_____ 90
3-5-50_________ oo..- 100
4-6-50__ __ S - s 04
5-8-50_. - - - . - 90

These differences in the percentage of control should not be con-
sidered as indicating any particular difference in the effectivencss ol
thie various mixtures of different strengths. The results would indi-
cate, however, that even a relatively small pereentage of copper in the
bordeaux mixture is effective for leafhopper eon trol, probably becausc
it acts through the plant, and that it is probably unnecessary to use
as strong bordeaux mixture for leafhopper control as has been the
custom in the past. Data taken from ficld plots of beans treated
with thesc same strengths of bordeaux mixturc agree with all the
detailed experiments regarding relative toxicity. The work of Cook
(13) showed similar results from the standpoint of stimulating effect
upon the yield of the potato plant. He used various strengths of
bordeaux mixture and found that the potato tubers taken from plots
upon which a 21250 spray was applied gave the highest pereentage
of solids, while the plots receiving a 10-10-50 spray were lower in the
percentage of solids. His results indicate that a certain proportion
of copper in a spray gives the maximuin stimulating effect and that a
greater percentage of copper may produce & toxic rather than a
stimulating effect. He also obtained similar data for the number of
spray applications, showing that a small nunber of sprays produce
more solids in the tubers than twiee as many applieations of the same
strength.

SOLUTION OF THE COPPER IN BORDEAUX MIXTURE AND 1TS PENETRATION
INTo THE PLANT TiSSUE

As has been indicated, the previously recorded experiments with
bordeaux mixture point to the probable poisoning of leathoppers by the
juices they extraet from the plant tissues. What the toxic material in
the plant 1s and how it is established there are problems that have been
difficult to approach, and they remain unsolved. It has been shown
that leafhoppers die when fed on copper sulfate solutions, and on
plants sprayed with copper sulfate and other eopper salts, with typical
symptoms of bordeaux toxicity. On the other hand, the leathoppers
that fed on ealcium hydroxide and solutions of caleium nitrate aund
plants sprayed with calcium salts did not die in_sufficient numbers to
justify considering calcium as the agent responsible for the toxicity of
bordcaux mixture, nor were there the symptoms typieal of bordeaux
poisoning. If only one of the eonstituents of bordeanx mixture is
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directly responsible for the toxicity, it apparently is the copper. Itis
probable, however, that no one constituent is responsible for this
mnsecticidal phecnomenon, but that two or more constituents unite to
produce it. There is also the possibility that toxicity is produced by
some physiological condition of the plant caused by the presence of
bordeaux mixture but without its penetration into tho plant tissue.
This is the idea of those who believe that an oligodynamic or chemo-
tactic force is generated by an electrical reaction between the cell
protoplasm and tho residue of bordcaux mixture on the leaves. The
evidence that copper is absorbed by the plant is not entirely conelusive,
but that sccured from experiments where leafhoppers fed on unsprayed
portions of sprayed lcaves and died with symptoms of bordcaux
toxicity is a strong indication that copper does penctrate plant tissue,
at least in small quantitics.

It has been proved that a spray of bordeaux mixture when dried is

practically insoluble in water, and that if it is permitted to scttle as a
precipitate in a spray solution there is practically no copper in the
supernatant liquid (5, 7). To become cffective as either a fungieide
or an insecticide, however, 1t apparently must be rendered soluble.
The question of how this is accomplished on the plant has been the
subject of considerable cxperimental work and discussion. Previous
work, especially by Crandall (74) has pointed to atmospheric condi-
tions or metcoric waters as the most important agents in rendering
copper soluble from the film of a bordcaux-mixture spray. Crandall,
however, says (14, p. 223):
* % * it is believed there arc other agencies, that, operating alone, or in con-
junction with carbon dioxide, are equally cffective. The amount of ecarbon
dioxide contained in meteoric waters is extrcmely minute, and, in cases where
relatively large amounts of copper are found in solution, in waters, eolleeted from
sprayed trees, it is thought that the solvent action of carbon dioxide may have
heen supplemented by the action of other agencies. Possibly these agencices are
the ammonium ecompounds, nitrates and nitrites, or some otlier constituent of the
waters or the atmosphere; or the influence may rest in some agency entirely inde-
pendent of the possibilities here suggested.

On the other hand, Clark (70) has stated that the cpidermis of the
leaves, although protected by a cutiele, is well known to be more or less
permeable to the dissolved substances occurring in the cell sap, partie-
ularly along the union of the epidermat cells.  On this basis he explains
that the dew on the outside and the ccll sap within cause exosmosis to
take placc and the copper hydroxide to become at least partly soluble.

EFFECT OF THE ATMOSPHERE AND RAIN WATER AS SOLVENTS OF
BORDEAUX MIXTURE

Crandall (14) found that bordeaux-mixture residue exposed to the
action of the atmosphere in glass dishes for 65 days failed to show
soluble copper at the end of that period although the residue was
moistened almost daily with cisteru water. However, he did find
soluble copper in rain water collected from trees sprayed with bor-
deaux mixture. When trees were protected from meteoric waters by
a waterproof covering he was able to obtain smaller quantitics of
copper from bordeaux-sprayed trees by spraying or syringing the
trees later with both cistern water and distilled water. This same
cistern water failed to dissolve copper from hordeaux residue in glass
dishes.
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In the writer’s experiments, in order to test the effect of meteoric
waters, carbon dioxide, and other components of the atmosphere under
outdoor conditions on the solubility of bordeaux mixture with the
plant climinated as a factor, heavy applications of bordeaux mixture
were made to filter papers placed in glass funnels. A pint of 4-6-50
bordeaux mixture was run through these filters. The filtrate was
tested for copper and gave no reaction. The stem ends of these
funnels were then inserted in stoppered glass bottles and these were
placed in the open where they would be exposed to the elements.
From July 7 to August 5, 2.75 liters of rain water from six rains was
colleeted in these bottles. Table 5 shows the results of tests made to
determine eopper in these solutions. When a test was used that would
readily show any copper in a 1-50,000 solution, all results were nega-
tive in solutions as obtained or doubtfully positive even when the
water was evaporated to a very small volune of coneentrated solution.

TaBLE 5.—Tests for copper in rain water that had passed one filter paper coaled
with the residue from bordeaux mizture, 1929

Rain water collected Reaction to copper tests !
Days of exposure (number) |[——————— - — -
Date ’ Amount Sample from total Remainder coneentrated
Cubic
centimeter
2 copduly 7 710 | Negative Negative.
3. _{July 8 350 ~do_... Do.
7 July 12 90 _do..___ Indication of slight quan
tity.
9. - - oo July 14 70 |.....do.. - Do.
24 - cemeam-d July 29 ] 465 __do...___. Do.
31 J .| Aug. 5 1,070 |- _do. . o Do.
I

t Hydrogen sulfide (H;S) and potassium ferrocyanide (K;FO(CN)e) were used as tests.

The combined action of atmospherie factors and meteorie waters
gave praetically negligible results in these experiments.

SOLUBILITY OF COPPER FROM BORDEAUX MIXTURE IN RAIN WATER
FROM SPRAYED LEAVES

Rain water was ecollected fromn plants that had been previousty
sprayed with bordeaux mixture. Soluble eopper was deteeted very
readily, and a strong positive reaction was obtained from the mixture
when tested with potassium ferrocyanide. This same reaetion was
obtained when the sprayed leaves liad been washed in distilled or tap
water. The reaction in the latter ease has been obtained within 2 or
3 days after the plants were treated. This as well as previous ex-
periments has demonstrated that copper can be (]issofve(l readily
from bordeaux residue on plauts but eannot be dissolved from residues
of similar material on other objects or materials. The plant must
therefore be reeognized as an important faetor in the solubility of
copper from bordeaux mixture, and it is very doubtful whethoer soluble
copper in any considerable quantity is released unless the bordeaux
residue is in eontact with the plant. Rain alone is apparently not
important if we may judge fromn experiments and observations. In
addition to the copper-solubility data already given, these experiments
have demonstrated that leafhoppers will die in a short time on plants
that have been sprayed with bordeaux mixture and proteeted from
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rain and dew. Furthermore, reeent tests have given positive eopper
reactions in plant juices that were expressed from plants sprayed with
bordeaux mixture where the residue had been removed gy repeated
applications of a 2- to 5-pereent aeetie aeid solution until these
solutions failed to give eopper reaetions, before the juiee was expressed.
These plants also were proteeted from rain and dew, and some factor
other than precipitation must have rendered the eopper soluble.
Plants under exaetly the same conditions but not sprayed with bor-
deaux mixture gave negative copper tests by the same method, even
after having been washed in a solution of eopper aeetate. It has been
observed (15) that death of the feeding leafhoppers occurs much sooner
on the sprayed than on the unsprayed surfaece of the same leaf.
Although no method has been devised for obtaining data, it is quite
probable that the bordeaux-mixture residue beeomes more soluble at
the point where the mouth parts puneture the leaf for feeding. The
plant juiee is undoubtedly in eloser proximity at these points with the
residue of bordeaux mixture, at least in sinall quantity, and this plant
juiee has been proved to dissolve eopper readily from sueh residue
when in eontaet with it.

SUGARS AND ORGANIC SUBSTANCES AS SOLVENTS OF COPPER FROM
BORDEAUX MIXTURE

It is well known that sugars and other organie substances will dis-
solve eopper in small quantities from bordeaux mixture. Sugar in
very minute quantity ean be used to preserve bordeaux mixture from
precipitation for several liours, but when a larger quantity is added the
copper is dissolved from the bordeaux preeipitate. With this faet as
a basis, a series of experiments was performed in whieh use was made
of Petri dishes covered with eapping membranes and sealed over the
open end (fig. 4). Equal volumes of distilled water, tap water, sap
expressed from bean plants, and sap expressed from potato plants, as
well as solutions of dextrose, suerose, and other sugars ranging from
i to 15 percent in strength, were placed in individual Petri dishes
before the membranes were sealed over the top. The membranes
were then sprayed with 4-6-50 bordeaux mixture and permitted to
dry. The Petri dishes were thereupon inverted so that the solution
inside was kept in eontaet with the membranes covered with the
bordeaux mixture. In 2 or 3 days the membranes were removed and
the liquid tested for copper. The distilled and tap water gave
negative copper reactions in all tests, but in every case where sugar
was present in the water positive tests were obtained, and the pereent-
age of eopper varied directly with the pereentage of sugar in the
solution. By eolorimetric standards the percentages of copper present
in certain of these solutions were caleulated to be approximately these:

Liquid: Reaction to copper test
Distilled water. . ~ Necgative.
Tap water Do.
Sucrosc (2-percent) _ - Trace only.
Sucrosce (4-pereent) - _ Do. »
Sucrose (7.5-percent) - 1-50,000 (approximate).
Suerose (15-percent) _ . 1-3,000 (approximate).
Dextrose (2-pereent) . Trace only.
Dextrose (4-percent) 1-1,000 (approximate.)
Dextrose (7.3-percent)__ 1-500 (approximate).
Dextrose (15-percent) 1-500 (approximate).

235562—40——4
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As will be noted, solutions of dextrose seem to have greater solvent
powers on the copper in bordeaux mixture than equal concentrations of
sucrose solutions. The plant juices of both bean and potato gave
strong positive tests, showing that the juices of these plants can readily

*

7

Figure 4.—Petri dish and partly opened ecapping membrane used in solubility
tests

dissolve copper in some form from bordeaux-mixture residuc and
absorb it through a permeable membrane. A similar reaction causcd
cither by sugars or organic acids probably occurs in sprayed plants.

REFRACTOMETER READINGS OF PLANT SAP FROM SPRAYED AND
UNSPRAYED PLANTS

Tests were ulso made to determine, if possible, the effect of bordeaux-
mixture spray upon the sap of treated plants. To accomplish this,
refractometer readings were made daily on sap from both treated and
untreated plants. The leaves of both werc washed in the same
solutions to remove spray residue when present, then after being
drained thoroughly they were pressed in a hydraulic press, a uniform
pressure being applied. The plant-sap samples were then tested by
the Abbe refractometer for percentages of solids (table 6). These
solids arc usually counted as all sugars, since the percentages of the
other combined solids are extremely small.
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TasLe 6.—Computation of solids (sugars) in sap from potato and bean plants,
sprayed with bordequx mizture and untreated, from Abbe refractometer readings
of plant sap,! August 1929

Solids present in— Solids present in—
Days after | Days after
treatment | Un- |ppegiaq| UN | pregreq || trestment Un- Treated| , VI lTreat d
(number) | treated treated (number) treated treated ¢
potato | POLI0 | “pegn bean potato tato | “yoqn | bean

| Percent | Percent | Percent | Percent Percent  Percent | Percent | Percenl
5.06 . 26 4.18 5.

s

3 4.76 6. 06 6. 48 7.08 7.48
4.44 3.94 3.84 4.34 4.68 6.18 9.58 8.58
3.6 3.9 6.0 5.2 4.54 5.04 6.84 | 7.54
4.5 4.8 51 6.9 4.78 5.48 8.48 8.28
3.7 4.4 | 4.9 5.4 5.08 | 5.18 7.08 8.18
3.36 3. 66 5.26 6. 06 R SR 6.34 6.74
3.9 4.4 6.5 5.7 3.3 | 3.3 8.9 7.0
3.58 4.48 5. 58 6.28 |1 19 .. . | ..... PN < S | 6.9 6.8
4.44 4.44 6.34 6.34

1 Computed from 6,400 readings.

When daily examinations were made, these reacings usually showed
that in both bean and potato plants there was a difference in the refrac-
tive index of treated and untreated plants when they were of exactly
the same age and were taken from adjacent rows where soil and atmos-
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Ficure 5.—Variations in sugar content of potato and bean plants treated with
bordeaux mixture and untreated for 19 days following applications of spray.

pheric conditions were the same. Numerous examinations over peri-
ods of several days after treatment indicate that as a rule the sugar
content of the treated plants is lowered below that of the untreated
plants for 1 or 2 days after treatment. The sugar content, however,
soon rises in the treated plant above that of the untreated and usually
remains above for a period of 2 or 3 weeks, occasionally dropping
below for a short period. These conclusions regarding the clianges in
plant sap or bordeaux-treated plants were based on some 26,000
refractometer readings made during Junc, July, August, and Septem-
ber, 1929, which represent a large portion of the growing season. A
portion of these data are shown in graphic form in figure 5, which shows
the results of 6,400 readings made in August. Both the age of the
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plant and the rate of transpiration may affect this sugar eontent to
some extent and may change the relative pereentage between treated
and untreated plants. Duggar and Cooley (20) have shown that in
potted plants the transpiration rate is higher upon treated than upon
untreated plants. On the other hand, the reeent work of Blaydes,®
who worked on these same plants whieh were tested for sugars, has
shown that bean plants in the field sprayed with bordeaux mixture
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Ficure 6.-—Transpiration rate in upper and lower surfaces of leaves of bean plants
spraved with bordeaux mixture and untreated. The respective temperatures and
humidities are shown by hours during the days these data were obtained.
(Blaydes.)

lose muel: less water during the day than untreated plants in the same
plots. He has shown further that the marked differenee in loss oeeurs
upon the under surfaee, while the upper surfaee shows very little loss
in the case of either treated or untreated plants (fig. 6).

In very young or extremely old plants there is more fluctuation
the relative pereentages of sugars, and the above-mentioned condition
will frequently elange from day to day.

The present data obtained from refractonieter tests are in agree-
ment with the work of Cook (13), wlo found that in potato plants

5 Unpublished manuseript.
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sprayed with copper the percentage of weight of the tubers compared
to that of the vine is higher on treated than on untreated plants, the
tubers being the natural outlet for the starch manufactured by the
leaves. Tlus stimulation of tuber growth and the relative increase
iri the weight of tubers are evident early in the development of the
plant.

OTHER CHEMICAL ANALYSES

An analysis of bean leaves sprayed with bordeaux mixture and those
unsprayed as recently made by K. C. Wagner in the biological chemical
laboratories at Ohio State University is shown in table 7.

TaBLE 7.—Analyses of expressed sap of bean leaves,! unireated and sprayed with
bordeaux mixture, as determined by E. C. Wagner of Ohio State University

| Per 5 liters of extract | Per total dry weight | Per total green weight

Constituents determined N N A - N

iUntroated Sprayed ' Untreated | Sprayed | Untreated | Sprayed
|

Total reserve polysaccharides as Grams Grams Percent Percent Percent Percen
glucose. ... .. - R 6.79 6. 60 1,18 125
Starch - . - - - 1. 50 1.40 .25 .26
Total sugars. 4. 10 4.93 .98 .89 82 )
Sucrose . . . 2.11 3.9 . 50 .7 42 78
Reducing sugars. ____ - 1. 99 1.03 .48 .19 .39 .21
Insoluble nitrogen o e 4.30 3. 50 .89 .66
Amino nitrogens. . __ - . . 104 076 .02 .01 .021 015
Amide nitrogens . _ R .04 . 036 . 001 . 0003 L O0R L0072
Ammonia nitrogens_. . - 026 . 0095 . 006 002 .005 .02
Nitrates .. _ . oo . 068 . 0095 .02 . 002 L014 002
Total nitrogen inclnding NOs_ .- | .31 .26 .07 .0t . 062 052
Dry material in 5 liters of extract ___| 20. 51 17.05 R

| There was a total dry weight of 85.76 gm. in 500 gm. of the green leaves of the untreated plants and 91.05
gnl, in 500 gm. of green leaves fromn sprayed plants.

These data show the following significant differences in composition:
(1) The bordeaux-sprayed leaves contained higher total sugars, with
more sucrose but less reducing sugars than the unsprayed check plants;
(2) the various forms of nitrogen were present in greater quantitics in
the unsprayed leaves in all cases; (3) the sprayed leaves showcd a
higher dry weight; (4) in general the sprayed leaves showed loss nitro-
gen and more carbohydrate than the unsprayed leaves.

PREVIOUS EVIDENCE INDICATING ABSORPTION OF COPPEN

There is little doubt that the plant is definitely affected by spraying
with bordeaux mixture. Investigators, however, differ in their opin-
jons concerning the degree to which this oceurs and the way in which
it is manifested. The great majority of data on yields accumulated
by seientific workers over a period of 25 or 30 years indicate that the
potato plant is stimulated in some way and that there is greater pro-
duction on treated than on untreated plots, even when fungus and
insect enemies seem to be present in such small nimbers as to cause
no appreciable reduetion in yiekl on the untreated plants.

Porato YieLns as [NpicaTors oF Cnances 1N PraNt PaysioLoGy pLe
To BorpeEAaux MIXTUNE

The yield of a plant is always an indicator of conditions affecting
plant growth and plant physiologic processes or changes. The effect
of bordeaux mixture on changing potato vields shonld therefore fur-
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nish added proof of the physiologic ehanges brought about by the
spray and augment the data already given in substantiating the theory
of bordeaux toxicity.

Although several authors (8, 11, 21, 27, 29, 32, 34, 35, 50, 51) have
demonstrated by field-plot experiments that bordeaux mixture in-
creases potato yields, the most striking, detailed, and conclusive evi-
dence has been produced by Cook (12, 13), who made a quantitative
chemical study of the cffect of bordeaux sprays on the plant in the
absence of disease and insect infestations. He demonstrated that all
plants contain small quantities of copper and that the tubers contain
only traces of copper, whereas the roots, stems, and leaves of potato
plants contain appreciable quantities. Although these individual
plants show certain variation in the amount of copper present, the
majority of samples from copper-sprayed plants show appreciably
higher quantities than the unsprayed. This agrees with the work of
Lehmann (317), who found that soil with a high copper content would
increase copper content of the plant. MacDougal (36) also found
that trees grown in soil with a high copper content showed metallic
copper In relatively large quantities throughout the tissues.

Cook (13) showed, furthermore, that yields were inereased by the
use of bordeaux sprays, and that as a rule potato tubers from bordeaux-
sprayed plots are higher in the percentages of solids, starch, and
nitrogen than the tubers from unsprayed plots. These conclusions
were drawn from data secured in seven States. The total starch
content increcased approximately 50 percent, the total nitrogen in-
creased, and the soluble, coagulable, monoamino and amid nitrogen
increased as the tubers matured.

In regard to his experimental work, Cook has this tosay (13, p. 23):

The results reported in this paper appear to establish the faet that eopper spray=
not only inerease the yield of potatoes in various seetions of the eountry, but
favorably influenee their eomposition. * * * 1In addition to plant-disease
eontrol and inseet eontrol, the eopper appears to exert a stimulating aetion on
the potato plant.

The data that he has given to support this work is the most conclu-
sive offered so far by any worker.

A few workers, on the other hand, claim that the crop is reduced in
yield by bordeanx sprays and they support their belief by data secured
entirely by yields on field plots. Although Folsom and Bonde (27)
previously believed that bordeaux sprays alone increased potato
yields, more recent personal correspoudence indicates that they now
believe increased yields are due entirely to the control of plant diseases
and insect pests.

In somne cases it i1s a well known fact that conspicuous injury and
destrnction of foliage oceur. Tt is apparent from the work performed
by many investigators that varied conditions such as different methods
of preparation of the spray, the timne and number of applications, the
strengths, especially if excessive, and climatic and soil fluctuations
arc almost certain to give varying results. The evidence seems to
indicate, however, that as a rule the plant is stimulated by application
of bordeaux mixture.

Although it is adinitted by all workers that bordeaux sprays may
increase yields through their action upon plant and insect pests of the
potato, it is very difficult to explain all the increase on the basis of this
proteciive action alone.
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Various theories have been advanced to explain this increased yield,
especially in potatoes. Some are as follows:

(1) One group of workers believe that the vines become more vigor-
ous and produce greater crops because the copper sprays protect the
plants and free them from fungous and insect enemies.

(2) Another group have attributed these increases to a change in the
rate of transpiration. This might easily affect growth of the plant,
translocation of the starches, and composition of the tubers.

(3) The rate of photosynthesis may be changed by copper sprays
directly or by the shading or sunlight effects.  This is claimed by some
authors to explain differences in yields.

(4) A small quantity of copper may be absorbed by the plant and
this might stimulate 1t to greater activity by changing the general
rate of metabolism. There is nothing to indicate that bordeaux mix-
ture is able to make all plants treated with it equally toxic to an
insect or any particular plant toxie to several or all insects. Apple
trees treated with bordeaux mixture during this study to ascertain
their toxicity to Empoasca fabae showed no toxicity to species of Eryth-
roneura or Typhlocyba present in abundance on the same trees.

(5) It is possible, also, that when copper penctrates into plant
tissues, it may form some organic compound with some of the constit-
uents of the eell, which, although nonpoisonous to the plant, stimnu-
lates it, protects it from fungous diseases, and inmunizes it against
attacks of the potato leafhopper.

It is possible, too, that copper is accompanied in its penetration of
the plant tissues by somne other chemical that acts as a buffer to the
normal toxicity of copper toward plant tissue. R. H. True® has
stated that the presence of ealcium greatly reduces the toxiecity of
copper and certain other metals toward plants. Thus, if lime were
absorbed with copper from bordeaux residue, the plant might be able
to tolerate a greater concentration of eopper than would be possible
otherwise.

Cook (13) thinks that since copper had a favorable cffect ou the
vield and composition of tubers and since larger quantities of copper
and amino and amid nitrogen were present in copper-sprayed plants
than in unsprayed plants, it is possible that “the amino acids protect
the cell activity from any toxic action of the cop;l)er. thus permitting
the copper to excert a stimulating effeet on the cells” (13, p. 22).

Cook suggests this possibility in view of the work of Sherinan and
his coworkers (45, 46, 47), who have studied the effects of certain
antiseptics upon amnylases all of which were very sensitive to copper
sulfate. They also demonstrated that certain amino acids increased
the rate of hydrolysis of starch by purified amylase. By adding one
of these amino acids they were able to protect the enzyme from the
deleterious effect of copper sulfate and to restore to full activity any
enzvme that had been partly inactivated by corper. This work may
be nore important in explaining the successfu absorption of ecopper
by plants without their being injured than any other data that have
previously been presented. ] )

From the foregoing data it is quite evident that bordeaux mixture
affects the plant decidedly, both physiologically and chiemically, and
causes measurable changes to take place. Since it has been definitely
proved by feeding tests that copper sulfate solutions are not toxie to

In a lecture delivered before the Graduate School of Ohio State Unlversity.
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insects in coneentrations lower than 1-10,000 and since copper ean be
found only in very minute quantities (less than 1-50,000) in expressed
juices from sprayed plants, 1t seems reasonable to believe that toxicity
is due to some physiologic change and that the plant is induced by
these sprays to produce a temporary immunity.

SULFUR AS A LEAFHOPPER INSECTICIDE

Sulfur in different forms has been used for several years as an insec-
ticide, espeeially in the form of lime-sulfur as a control for scale
inseets. Several tlieories have been advanced to explain its action as
an insecticide, the two theories that have received most attention and
favor being, (1) that it is through the oxidation of the polysulfide
materials together with the accompanying chemical and pliysical
changes and (2) that it is through the production of sulfur dioxide as
a toxic agent from practically all types of sulfur. So far as can be
ascertained from the literature no one has considered the plant as »
factor, but sulfur products, like bordeaux mixture, seem to work
through the plant to produce their toxie action on the insects, and
the plant becomes temporarily immunized against the attacks of these
sucking insects.

InseEcTARY TEsTs WiITH SULFUR

A series of experiments were performed to test the value of certain
sulfur sprays as leafhopper insecticides on bean plants. The three
sprays, used in several replications, were made from dry lime-sulfur,
wettable sulfur, and a spray made up with dry flotation sulfur,
Bordeaux mixture was also used as a control with some of these tests.

The following four methods of treatment were used in these tests:
(1) Inseets were treated and placed upon untreated plants; (2) plants
were sprayed with insects upon them; (3) plants were treated and
insects placed upon them, either immediately after they were dry or
within 1 to 26 days after they had been treated; (4) plants containing
known populations were placed under bell jars and exposed to fumes
from the sulfur spray materials in Petri dislies beneatl the plants.

Detailed data were obtained concerning the length of time required
for death of the leafhoppers and the percentage that died upon these
plants as compared to the mortality on the chieck plants. All test
insects were placed in screen cages after treatment. Since these tests
were carried on continuously from August 12 to October 3 with the
natural changes in temperature and humidity, it is difficult to sum-
marize the results definitely. The averages, llowever, are indicative
and these are given, and certain specific data are pointed out that
may show the value of certain of these materials and indicate the
manner in which they function.

In tests in which the insects were treated with sprays of the strength
used in the field and placed upon untreated plants, lime-sulfur spray
at 1 gallon to 50 gallons of water gave 60 percent mortality in 11.5
days, flotation sulfur spray at 5 pounds to 50 gallons of water gave
83 percent mortality in 15 dayvs, and wettable sulfur at 2} pounds
to 50 gallons of water gave 65 percent mortality in 14 days. The
check showed 45 percent mortality in 10.5 days. From these tests
it is apparent that only slight mortality is produced by applying these
materials to the insect.
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In view of the fact that the detailed tests showed praetically no
difference in the results where the insects were present on the mets
when the latter were sprayed (method 2) and where they were placed
on_them after treatment (method 3), the data from these tests are
briefly summarized together and then specifie instances will be cited.

Fourteen tests, involving some 200 nymphs, where plants were
treated with lime-sulfur showed a 100-percent mortality m 5.8 days,
or 81 percent mortality in all tests in 4 days. The checks for all tests
gave 45 pereent mortality in 10.3 days.

Fifteen tests, also with about 200 nymphs, where plants were treated
with flotation sulfur spray showed 100-percent mortality in 6.6 days,
or 86 percent mortality in 4 days.

Some 200 nymphs were used 1n 17 tests in which plants were treated
with wettable sulfur. These tests showed 100 percent mortality in 8
days or 68.7 percent mortality in 4 days. These are to be compared
with the same checks as the foregoing.

As specifie instances of cases where lime-sulfur spray was used,
leafhoppers placed on the plant 5 days after it had been sprayed
showed a 70-percent mortality in 4 days and 100-percent mortality in
7 days. Insects placed on another plant 6 days after treatment
showed 92-percent dead in 4 days and all dead in 5 days, and when
insects were placed on another plant 13 days after treatment there
was a 60-percent mortality in 4 days and 100-percent in 6 days. In
another case the leafhoppers were not placed upon a plant uutil 26
days after it had been sprayed, but in 6 days 85 percent were dead
and in 10 days all were dead. .

Where flotation sulfur was used wn the spray, leafhoppers were
placed on the plant 5 days after it had been treated and 80 percent
died in 4 days and 100 percent in 5 days. When the insects were
placed on the plant 7 days after treatment 90 percent died in 4 days
and 100 percent in 5 days. Another test, in which the plant was
treated 11 days before the insects were put on it, gave 90-percent
mortality in 4 days and 100-percent in 9 days. Where insects were
placed on the plant 13 and 18 days after treatment 100 percent died
m 4 days.

About the same result was obtained when plants were sprayed with
wettable sulfur. Insects placed on the plants 6 days after treatment
all died in 7 days, and there was a 60-percent mortality in 4 days.
When placed on the plant 7 days after it had been sprayed there was
a 95-pereent mortality in 4 days and 100 percent died in 5 days.

Method 4 was the exposure of leafhoppers on potted plants to fumes
from sulfur spray materials which were placed in Petri dishes beneath
the plants and bell jars placed over the plants. The same three sulfur
products were used in these tests and water was pliced n the Petr1
dishes under the check plants. The mortality of the leafhoppers on
the plants where sulfur was used was no greater than on the cheek
plants. This indicates that the sulfir fumes alone are not responsible
for the higher mortality produced by sulfur sprays. ]

Trom the tests and observations on the various phases involved,
chemical, biological, and physiological, it seeins apparent that changes
take place in the plant through the changing of plant processes. It
is the belief of the writer that the residnal insecticidal effect 1s not
due to a volatile product from the film of sulfur on the plant, but to
this changed condition in the plant. This belief is substantiated hy

235562—4C——5
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the faets that when plants are treated 3 or 4 weeks before the inseets
are placed on them, a high mortality of the insects results in a very
few days, and also that these same sulfur sprays did not affect the
inscets when exposed under bell jars in evaporating dishes located just
beneath plant leaves that were infested with leafhopper nymphs.

As a summary of these tests with the three forms of sulfur it may be
stated (1) that leafhoppers treated with sulfur sprays and placed on
untreated plants were onlty slightly affeeted by the sulfur; (2) that
where the plants were sprayed with sulfur products with the inseets
upon them the mortality was very high; (3) that if the untreated
insects were placed upon treated plants immediately after treatment,
or from 1 to 26 days after treatment, the mortality was approximately
the same, and high in every ease; and (4) that when leathoppers were
placed on untreated plants and exposed to the volatile produets of
the sulfur sprays by plaeing these sprays in Petri dishes beneath the
plants and covering the plant with a bell jar cage, the mortality was
no greater than on the eheck.

FIELD TOXICITY STUDIES WITH BORDEAUX MIXTURE,
PYRETIIRUM, AND SULPHUR

During the summers of 1932 and 1933 field studies were made in
Ohio, and during the winter of 1933 work was performed in Florida to
determine, if possible, the effect on the populations of leafhoppers when
various materials sueh as bordeaux mixture, sulfur products, and
pyrethrum sprays and dusts were applied under field conditions.

METHODS OF ESTIMATING LEAFHOPPER POPULATIONS

The method used for determining the populations of leafhoppers was
to count the nymphs present on 25 or 50 trifoliate bean leaves on each
plot, picking these leaves or an equal proportion on the same relative
level on each plot but choosing the plants in any respeetive plot
entirely at random. The nymphs in these counts were divided into
two groups. The fourth-instar and fifth-instar nymphs were desig-
nated as large, while the first-, second-, and third-instar nymphs were
designated as small.  Also the number just hatehed was indieated,
especially where the numbers on spray plots had been greatly reduced
or entirely killed by spray materials. Sinee the leaves contain eggs
that will hateh over a period of a weeck or 10 days after treatment,
data ean be obtained eoncerning (1) the effect of any material on the
viability of eggs, and (2) the residual or earry-over effeet on the young
nymphs after they have emerged. For instanec, if young nymphs
which have just emerged are found when counts are being made on
sueceeding days, but no larger nymphs are present, it is indieative of a
residual toxicity. This is verified by the finding of the young nymphs
dead upon the leaves. The graphs are then eonstrueted on the basis
of the number of live nymphs per 100 trifoliate leaves.

In view of the faet that the adults shift readily from plant to plant
and the nymphs shift very little, the eounting of the nymphs and dis-
regarding of adults is considered to give the best index to relative
populations. Furthermore, if the adults are present in different num-
bers, the egg deposition and subsequent hatehing during the period
under study will usually give a better indieation of this than an attemp?
to count the shifting and aetive adults.
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In the laying out of plots, soil or moisture conditions, if variable,
differences in plant growth conditions, and variability in populations
were considered. By making population counts throughout the field
and choosing plants at random in the various areas, the original
populations could be fairly well determined on all plots, and a suffi-
cient number of check plots were then chosen to represent every
different condition.

Treatments were all made by applying sprays or dusts to the under
side of the leaves, and so far as possible uniform conditions were
chosen for dll plots of a given series.

FieLp-ConTrOL EXPERIMENTS 1IN Omnio 1N 1932

A series of experiments was planned in Ohio in 1932 to test the
toxicity of bordeaux mixture, sulfur, and pyrethrum sprays to the
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Ficure 7.—Effect of spraying on the numbers of Emgoascafabae on bean plants,

Ohio, 1932: A, with 4-6-50 bordeaux mixture; B, with 3-4}¢-50 bordeaux
mixture.

potato leafhopper, and to observe the consequent reduction in the
leafhopper populations.

Each plot was divided into three portions, A, B, and C. Each of
these three received the first spray, only B and C received the second
treatment, and C alone was treated with the third application., In
this way the effectiveness of one, two, and threc sprays, respectively
could be determined in relationship to populations. The first spray
was applied July 28, the second August 4, and the third August 11.

In all the graphs curves are included showing the cffect on the
populations of omitting the second and third sprays.

One plot (fig. 7, A) sprayed with bordeaux inixture 4-6-50 showed a
slight inerease in population from 268 per 100 trifoliate leaves on
July 29 to 296 on August 2. During this period the numbers in the
check increased from 242 to 528 per 100 trifoliate leaves. The treated
population then decreased, while the check population increased.
After the second application the population increased slightly, then
decreased, and the third spray applied on August 11 held the lpopulu-
tion to practically zero during the remainder of the perioc under
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observation. During this time tlie population in the check increased
to 1,090 on August 8 and dropped to 148 on August 19.

Ou a second plot (fig. 7, B), sprayed with bordeaux mixture 3—4)4-50,
the population was decreased considerably by the first spray so
that on July 29 the treated plot showed 136 leafhoppers and the
corresponding check plot 242. The population of the treated plot
continued to remain at about this level until August 4, when 1t was
152 as compared with a check population on the same date of 742.
After the second spray tliere was a slight ncrease, and then a gradual
decrease to practically zero on August 12, while the clhieck continued
to increase to 1,090 on August 8 and tlien decrease to 640 on August 12

A third plot (fig. 8, A) was treated with bordeaux mixture 2-3-50.
The first application decreased the population to 84 on July 29 as
compared to 148 on tlie corresponding eheck plot. The second

: EERNRERERRE

F L e

g e GHECK

2 1 ——— ONE SPRAYING {—t

3 ST w0 skravinGs |

Z gool 4 | po i VLo L oL ] em——— THREE SPRAYINGS o

~ o ] DATE OF APPLICATION

“ i S o

g 1 =

2 1 uans |

i

= L -

5 7 f 1

3 1

g RN j J

« |

x I — L - -

o |

3 I . M

« - 1 | 1

w i

o - . + | - —— . -

@ |

x - - A . .

a

-3

> — - +—r

z

= AR I

& =1 i |

a : .

o N X .

L e N

2 .

J TIOBR NN S=h=
27 293 2 P

JULY AUGUST 1932 Juwy AUGUST 1932

Fiaure 8. Effeet of spraying on the numbers of Empoasca fabae on bean plants,
Ohio, 1932: A, with 2-3-50 bordeaux mixture; I3, with 1-1%-50 bordeaux
mixture,

application on August 4 again reduced the population to 84 on August
6, from which point it again increased to 156 on August 10. The
numbers in the clheck at this time had inereased to 916. The third
spray reduced the population to zero, near which it remained untilt
observations were terminated on August 19.

A fourth plot (fig. 8, B) was sprayed with bordeaux mixture 1-14-50.
The first spray reduced the population somewhat so that on
July 29 the sprayed-plot population was 92, whereas the cheek
showed a population of 172, The population of the sprayed plot
remained practically the same until August 4, when it was 84, but
during this time that on the check had inercased to 376. After the
application of the second spray on Angust 4 the population increased
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to 188 on August 8 and then dropped again to 80 on August 10, while
the numbers in the check were continuing to inerease to 669. After
the third spray on August 11 the population on the treated plot con-
tinued to deercase to 4 on August 12 and remained at this low figure
until the experiment was terminated.

The fifth plot (fig. 9, 4) was treated with a commereial alcoholic
extract of pyrethrum and coconut-oil soap diluted in the proportion
of 1 to 600. The first treatment reduced the population very mark-
edly. On July 29 that on the treated plot was 8 per 100 trifoliate
leaves as compared with 176 on the check plot. From then on to
August 2 the increase in the population was at about the same rate
as that on the check plot and the two curves as shown in the graph
are alinost parallel. On August 4 the treated population had m-
creased to 360 while the check, which had increased to 470 on Augnst
2, dropped to 392.  The second spray reduced the population abruptly
again.  So on August 6 the population was 16 as compared to a check
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Ficure 9.—Effect of spraying on the numbers of Empoasca fabae on bean plants,
Ohio, 1932: A, with a commercial extract of pyrethrum and coconut-oil soap,
1-600 parts water; I3, with an extract of pyrcthrum 1-600, plus 1 percent of
rotenone.

population of 716 on the same date. From this low population the
treated plot increased to 148 in 4 days, and the third spray on August
11 reduced the population to zero while the check population was still
high at 496.

The sixth plot (fig. 9, B) was treated with an alcoholic extract of
pyrethrum at the dilution of 1-600 plus 1 percent of rotenone. The
population curve shows a control curve almost exactly like that of
plot 5. The first spray bronght about a reduction to 4 on July 29
as compared to a check population of 188. The population mpldl{
increased from this low figure to 448 on August 4, while the check
infestation was 408, slightly lower than that of the treated plot. The
second spray reduced the population abruptly to 36 while the numbers
in the check continued to increase to 572. The population in the
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trcated plot again increased rather rapidly to 212 on August 10 and
was again reduced abruptly to zero by the third spray, and it remained
practically at this level until August 19. The check curve duiing
this time continued to increase to a maximum population of 632 on
August 10 and then rapidly decreased to 118 on August 19. The
addition of rotenone to the pyrethrum extract did not improve control.

The seventh plot (fig. 10, A) was sprayed with a commercial brand
of flotation sulfur. A small immediate reduction occurred so that on
July 29 the population on the treated plot was 88 as compared to
176 on the corresponding check. On August 4 the insects on the
treated plot had increased to 220 while the check plot showed a popu-
lation of 392. The second application further reduced the sprayed
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Frcure 10.—Effect of spraying with two commercial brands of fiotation sulfur,
1 pound to 50 gallons of water, on the numbers of Empoasca fabae on bean
plants, Ohio, 1932: A, on plot 7; B, on plot 8 with a finer-ground sulfur.

population to 52 on August 8 while that on the check continued to
Increase to 716 and then decreased to 544. Both plots then increased.
The third spray reduced the population abruptly to 16 on August 12,
and it remained low until the end of the observations on August 19.

The cighth plot: (fig. 10, B) was treated with flotation sulfur used
as a spray. The first application prevented the population from
increasing whercas the check increased rapidly from 368 on July 29
to 708 on August 2. After the sccond apphication the population
increased slightly to 408 on August 6, then decreased to 348 on
August 10. A rapid decercase to a population of 132 on August 12
followed the third application and there was a further gradual reduc-
tion to 8 on August 19. During this period the check population
rose to 904 on August 10, then decreased rapidly to 96 on August 19.

The ninth plot (fig. 11, A) was treated with lime-sulfur. Following
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the first spray the treated plants showed a population of 92 on July 29
as compared to a check population of 176 for the same date. The
population of the sprayed plot gradually increased to 208 on August 4,
while the check showed a population of 392. A second apphication
redueed the population to 24 on August 6, while the cheek population
continued to increase to 716. From August 6 to 10 there was an
inerease on the treated plot to 108, which the third spray reduced to 12
on August 12, and it remained low during the remainder of these
observations. The clieck showed a population of 616 on August 10
and gradually decreased to 92 on August 19.

The tenth plot (fig. 11, B) was sprayed with wettable sulfur. A
notieeable reduction in numbers was indicated on August 2; at this
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Ficure 11.—Effect of spraying on the numbers of Empoasca fabae on bcan
plants, Ohio, 1932: A, With lime-sulfur, 3%4-50; B, with wettable sulfur, 2%-50.

time the treated plot showed a reduction from 482 to 404, while the
chieek had increased to 708, but at the time of the second application
the treated plot had approximately the initial population. The
second application reduced this from 476 on August 4 to 172 on August
6, while the numbers in the check rose to 934. The treated-plot
population remained approximately stationary until August 10 after
which the third application redueced the population still further to 60,
and it continued to decline to 4 on August 15, where it remained until
August 19. During this time the check population rose to 976 on
August 8 and decreased to 136 on August 19.

These plot tests gave certain indications concerning the comparable
value of these spray materials.

Bordeaux sprays in all dilutions used gave decided reductions in
populations or prevented inereases that were in any way comparable
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to the populations on the check plots. The check populations were
variable and so were those upon the different bordeaux-sprayed plots,
but all indicated the same general situation. One application reduced
the population markedly, and two applications gave an economic
control of the infestation in this field.

The pyrethrum sprays gave an immediate reduction in populations
to practically zero, but since the eggs present in the leaves up to the
time of spraying were not affected, the populations increased rapidly,
and where only one application was made the peak of the population
reached approximately the peak of the check. The seeond application
again reduced the populations to near zero, but a considerable increasc
in the population occurred after this spray. A large amount of
feeding occurred on these plots even after the application of two sprays.

In the case of the sulfur sprays there is a considerable difference
varying with the type of sulfur used. Two flotation dusts were used in
wet sprays on plots 7 and 8.  Both gave rather marked reduetions in
leafhopper populations, but the newer and finer flotation dust used on
plot 8 gave a little better resutt.  The lime-sulfur spray gave a decided
reduction in the population but showed some foliage injury during
part of the treatinents. 'Two applications gave a very good reduetion
and practical control. The wettable sulfur gave equally good or
better results than the flotation sulfur. Two applications gave a very
marked reduction in the population and a good economic control.

The value of bordeaux-mixturce sprays and sulfur sprays as com-
pared with pyrethrum sprays is that the former have a residual or
carry-over cffect that not only kills the nymphs and adults present
but continues to function as an insectici(ﬂe after the eggs that are
embedded in the leaves hateh. This apparently is due in both eases
to some condition correlated with the physiology of the plant. Exper-
tnental data have shown that it is apparently not due to a volatile
product in either case, nor is it necessary that the insects be hit with
this material. If the plants are treated and the insects placed on them
several days later they are found to die in approximately the same time
as if thev were present on the plant and were hit by these sprays.

FieLp TEsTs 1N Froripa 1N 1933

During February and March 1933 several series of field tests were
performed on the eastern coast of Florida near Lake Worth. This is a
eoncentrated truck-crop district, and beans are grown in rather large
acreages. The purpose of these experiments was to determine
whether bordeaux mixture was cffective as an insecticide on beans for
the control of the potato leafthopper in Florida and to test further the
relative efficiency and toxicity of materials that had shown the most
proxnising results under Ohio conditions. The very large populations
that could be found in Florida were thought to be mmportant for
critical tests of these materials. Both dusts and sprays were used in
making the tests.

In one series of plots bordeaux mixture, pyrethrum, and sulfur
sprays were uscd on plots of heavily infested beans on sandy soil.

Six spray materials or dilutions were used in the treatment of these
plots. These were bordeaux mixture 3-414-50, bordeaux mixture
4-6-50, pyrethrum 1-600, flotation sulfur 5 pounds to 50 gallons of
water, lime-sulfur 3.5 pounds to 50 gallons of water, and wettable



COXNTROL. OF THE LEAFHOPPER AS A BEAN PEST 41

sulfur 2.5 pounds to 50 gallons of water. Applications on each treated
plot were made on March 2, 9, and 16. Three check plots were left
untreated. Population counts of cach plot were made the day before
applcation and every 2 or 3 days thercafter until March 22, at which
time the last count was made. A graph (fig. 12) showing the effect
of each of the threc spray treatments, together with a corresponding
check, indicates the relative

cfficieney and toxicity of 8000 — T i
the materials on these plots. 7600 I i 1 - _l I

The plot treated with ' e B
bordeaux mixture 3—4%-50 reoo [“"::‘T"J,%s;?:{“,ﬁ‘,?es /N
showed a reduction of the 6800 g = " " JhRee sPRavins ‘

DATE OF APPLICATION

leafhopper population the
day after treatnent from
984 to 364 per 100 trifoliate
leaves, while the check pop-
ulation remained approxi-
mately the same. The sec-
ond spray caused further
reductions of the popula-
tion per 100 trifoliate lcaves
to 268, on March 11, while
the eheck continued to rise
to 2,400. The thiurd spray
again reduced the popula-
tion, this time to 276, from
which number it continued
to decrease to 120 on March
22, while the check had in-
creased to 7,600 and then
dropped to 7,100. In the
case of the plot receiving
only one spray, the popula-
tion increased gradually af-
t(il‘ March 5 to & maximum
of 2,900 on March 20, at
which time the check had F . wanen 193

. . 1GURE 12.—Effect of spraying with bordeaux
reaphed its highest popu- mixture, 3-4%-50, on the numbers of Km-
lation. The plot treated poasca fabae on bean leaves, Florida, 1933.
only twice showed a rise in
the population after March 11 to 600 on March 17 as compared to
6,000 at this time in the check.

The plot treated with bordeaux mixture 4-6-50 gave similar re-
sults. In this case the original population of 1,044 on March 1 was
reduced by the first spray to 372 on March 8, while the check popula-
tion increased to 1,800. The second spray, although not reducing the
population, caused it to remain at about the same level until March 13
while the check continued to increasc to 3,700. The third spray
reduced the population from 833 on March 15 to 112 on March 17 and
the check increased still further to 6,000. The {)opulution on the plot
sprayed only once eontinued to increase gradually to 2,032 on March
20, but at this time the check population had increased to 7,600.
The two-spray plot on this same date had a population of 644 and the
three-spray plot a population of 236.

LEAFHOPPER NYMPHS PER 100 TRIFOLIATE LEAVES (NUMBER)
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The original population of the plot sprayed with pyrcthrum spray
1-600 (fig. 13) was approximately 956 per 100 trifoliate leaves and
this was reduced immediately by the first spray to zero. The popu-
lation built up to 544 on March 8 and the second spray reduced this
number to 52. There was a rapid increase in the population from
March 11 to March 15 when a population of 2,268 was recorded, and
the third spray again reduced the number to zero on March 17. This

population inereased to 624

oo T T 1 | [ T 1 by March22. On the one-
zeoo |— 11 L 1 1 | L.l spray plot the populationin-
7200 |-— e B e creascd from 544 on March
es00 | oot amee sramivas  ff | 8 t0 6,870 on March 20. On

1 DATE OF APELICAT] CM ! the two-spray plOt the pop-

6300 ulation increascd from 52

on March 11 to 3,800 on
March 22.

The plot treated with
flotation sulfur spray, 5
pounds to 50 gallons of
water, had an original pop-
ulation of 628 on March 1.
This was reduced by the
first application to 272 on
March 3. From this point
the population gradually
increased to 504 on March
8, while the population of
the check plot had inereased
from an initial 894 to 1,368.
In spite of a second spray
the population continued
to increase to 1,624 on
March 15, while the check
was inereasing to  4,200.
The third application re-
duced the population slight-

MARGCH 1933 ly from 1,624 on March 15
Frcure 13.—Effect of spraying with pyre- to 1,452 on March 17, from
thrum, 1-600, on then umbers of Empoasca . }ich point it continued to
fabae on bean leaves, Florida, 1933. increase to 2,420 on Marel
22. During this time the
check increased rapidly to a maximum population of 8,550 on March
22.  On the plot receiving one application the population inercased
from 504 on March 8 to a maxinium population of 4,960 on March 18.
On the plot receiving two applications the population decreased by
March 17 to 1,204 and then increased to a maximum of 2,472 on
March 22,

The plot receiving the hime-sulfur spray in the proportion of 3.5
pounds to 50 gallons of water had an original population of 588 on
March 1, which was reduced by the first application to 340 on March 8.
During this time the check-plot population inercased from 894 to
1,368. A second application did not delay very effectively o rapid
increase to 1,944 ont March 15, while the check population continued
to increase to 4,258. A third application reduced the population
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deeidedly to 508 on Mareh 17, while the check increased to 5,802.
From 508 the population on the three-spray plot gradually increased
to 1,088 by Mareh 22, while the eheek population had increased to
8,550 on March 22. The population on the one-spray plot increased
at about the same rate as that on the cheek after being reduced to 340
on Mareh 8. On the two-spray plot the population was slightly re-
dueed on March 17, then gradually inereased to 3,230 on Mareh 22,
while the eheck increased to 8,550.

The plot that received wettable sulfur in the proportion of 2.5
pounds to 50 gallons of water had an original population of 1,012 on
Mareh 1. The first application redueed this number to 708 on March
3 and it gradually inereased from this figure to 964 on Mareh 8. Dur-
ing the same period the cheek inereased from 894 to 1,368. The
seeond application did not prevent an inerease from 964 on Mareh 8
to 2,284 on Mareh 15. The third application, however, redueed the
population to 1,900 on Mareh 17, but it gradually inereased again to
2,424 on March 20. During this time the eheek population more than
doubled, inereasing from 4,258 on Mareh 15 to 8,550 on Mareh 22.
The population of the one-spray plot inereased from 964 on March 8
to 8,860 on March 22, a slightly higher population than on the eheek,
and the inerease was almost parallel on the two plots. The popula-
tion of the two-spray plot increased from 2,284 on Mareh 15 to 6,110
on Mareh 20, then dropped to 3,980 on Mareh 22.

DISCUSSION OF THE RESULTS

From the foregoing data eertain conelusions are obvious. Bordeaux
mixture at the two strengths used redueed the populations enormously,
and even where only one spray was used, after more than 3 weeks’
time the material still showed a residual effeet on the population.

Although pyrethrum aetually reduced the numbers present to a
greater degree at the time of application than did the bordeaux
mixture sprays, it showed no residual effeet, and as a eonsequenee the
populations mereased very rapidly and the population eurve for the
sprayed plant is almost parallel with the original or normal-population
curve. After the second applieation a similar inerease occurred but
the population did not inerease as mueh as on the onc-spray plot.

The flotation sulfur showed some residual effect but not so much
as in the case of bordeaux-mixture sprays. The population, however,
on the one-spray plot reinained mueh lower than in the plot where
pyrethrum was used. The residual effeet on the two-spray and
three-spray plots resulted in deeided reduetions. The material had
been manufaetured for use as a dust but was used in spray form. Had
it been applied as a dust it would undoubtedly have shown greater
toxieity, judging from later applieations of an ordinary dusting
sulfur.

Drv lime-sulfur used in the spray form eaused plant injury and
failed to give an effeetive kill. The three-spray plot showed good
control, however.

Wettable sulfur failed to give an appreeiable eontrol exeept on the
three-spray plot. This material apparently was too easily wettable
and was soon earried off the plant by heavy dews, high humidity,
and dashing rains, whereas the flotation sulfur, which is very diffieult
to wet even slightly, gave good results.
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SINGLE-PLANT REPLICATIONS WITH BORDEAUX MIXTURE

One cxperiment was devised to test the effect of one application of
bordeaux mixture 3-4%-50 on the population of a single bean plant.
Twelve bean plants were chosen at random and the populations of
each plant were counted and recorded. These ranged from 105 to
358 and averaged 225.3 per plant. Checks, which were also chosen
at random and counted, averaged 149 leafhoppers per plant. Each
of the 12 plants chosen was sprayed on March 3, immediately after
these populations were determined. The population curves in figure
14, which depiect the results of the experiment, are of the same general
type. Regardless of the number present at the time of apphcation.
the population of cach plant decreased in 3 days so that on March 6
the populations were sinall, ranging from 4 to 70 for cach plant, most
of them being between 20 and 40, with an average of 34.8 per plant.
From this date the numbers varied somewhat but only to a slight
degree. Six plants showed a small increase in population, 4 plants
showed a slight deercase, and 2 remained about the same. The
average population at the end of these experiments was 33.5, or
approximatecly the same average as on March 6. The check average
for 4 plants gave an increase from 149 on March 3 to 261 on March 13,
when observations were terminated.

Another indication given by this experiment is the actual reduction
which oceurs on bordeaux-sprayed plants. The average population
per plant at the beginning of the cxperiment was 225.3 nymphs.  The
average 3 days after they were sprayed was 34.8 and at the end of
the experiment was 33.5 per plant. This showed that one spray
reduced the population 85 percent and held it to that figure for a
period of 1 week, while the cheek was increasing 75 percent above the
original population. Consequently, if the spray is given its full
credit, in addition to the reduetion eaused by it, it also has a residual
value or cffeet of preventing an increase in the population to the
extent of 43 percent in a week’s time.

PLOT REPLICATIONS WITH BORDEAUX MIXTURE

Another experiment was performed in a series of three plots picked
at random, each receiving onc application of 3-414—50 bordeaux mix-
ture. The populations were not counted at the beginning of this
experiment, but counts were made first on March 6, 3 days after
treatment. At this time plot 1 showed a population of 950 while
the corresponding check plot had a population of 3,710. In a week’s
time this count increased to 1,110 on the treated plot and to 5,090
on the check, showing a final reduction of about 78 percent. The
reduction on plot 2 was about the same and on plot 3 was about 70
perecent.

Two series of plots were used to determine the relative toxicity of
certain sulfur, tobacco, pyrethrum, and eopper combinations applied
as dusts. In the first series three plots were cach treated with one
ixpplication of dust on March 9 and the first counts were made 2 days
ater.

One plot received sulfur-tobacco dust in equal proportions, the
tobacco containing approximately 0.75 pereent of nicotine. On
March 11 the population of this plot was 1,420 and the corresponding
check-plot population was 2,540 leafhopper nymphs per 100 trifoliate
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leaves, a reduction of 44 percent. On March 20, 9 days later, the
treated plot showed a population of 4,485 and the check plot a popu-
lation of 7,815, or a reduction of 43 percent.

A second plot treated with sulfur-pyrethrum 80-20 had on Mareh 11
a population of 175 as compared to a check-plot population of 1,665.
On March 20 the population on the dusted plot had increased to
4,925 while the check had increased to 9,030. The initial population
reduction was thus 90 percent and the final reduction was 45 percent.

A third plot treated with sulfur alone had a population of 155 on
March 11 as compared to a check population of 1,510, which was a
reduction of 90 percent. On March 20 this population had increased
to 2,770 and the check-plot population to 7,030, wliich showed a final
rectuction of 61 percent.

These plots showed very definitely the value of sulfur dust as a
leafhopper insecticide. The sulfur-tobacco dust combination gave no
better results than sulfur alone; and while the pyrethrum is of deeided
value for immediate reduction of populations, the sulfur alone is
important as a residual material and displays cffective insecticidal
value for a period of several days.

In the second scries four plots were cach treated with two applica-
tions of dusts. The first was made on March 12 and the second on
March 19,

The plot receiving sulfur-tobacco dust 50-50 was examined on
March 14, at which time it had a population of 2,012 nymphs per 100
trifoliate leaves as compared to a check population of 3,060, which was
about a 34-percent reduction (fig. 15, A). The population on the
dusted plot mnereased rapidly to 2,812 on Marelt 16, then decreased
rapidly to 808 on March 21, when the experiment was terminated.
At this time the check showed a population of 6,050, which indicated
that the treatment hiad brought about a total reduction of 87 percent
on the treated plot.

A second plot treated with sulfur-pyrethrum 80-20 showed a
population of 696 on March 14 as compared to a elieck population
of 2,864, or a reduction of 76 percent (fig. 15, B). This population
aradually increased to 1,228 on March 18 and then gradually decreased
to 472 on March 21, while the clieck had increased to 5,585. This
gave a final 92 pereent reduction of the infestation.

A third plot treated with sulfur undiluted showed a population of
1,921 on March 14 as compared to a clieck population of 2,496, a
reduetion of 23 percent (fig. 16, ). This population gradually in-
creased to 2,440 on March 16, then deereased rapidly and uniformly to
648 on March 21, when the check population was 5,930.  The final
reduction was, therefore, 89 percent.

A fourth plot treated with copper-lime dust 20-80 had a population
of 1,800 on March 14 compared to a check population of 3,290 (fig.
16, B). This showed an initial reduction of 45 percent.  On March
16 the treated population had inereased to 2,488 and it then decreased
to 1,368 on Marel 21, at which time the check had inereased to 6,250.
The final plot reduction was therefore 78 percent.

Oue of the most interesting points in regard to the graphs is the
fact that the population curves for the sulfur-tobacco dust 50-50
and the undibited sulfur are alniost exactly alike.  This indicates, as
previous experiments had shown, that tobacco dust as well as nicotine
sulfate in its usnal forms are of practically no value in controlling
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Empoasea fabae. The pyrethrum-sulfur gave the best control, as
would be cxpeeted, because of the decided reduction obtained im-
mediately after treatment. The sulfur then is able to hold the popula-
tion to a low percentage. Another poiut that should be noted is that
it requires several days for the sulfur to beeome effective in deereasing
the population. This is thought to be due to the slow effect upon the
plant in whatever physiologic eondition or ehange is established in it.
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Ficure 15.— Effeet of two applications of dust on Empoasca fabae on bean plants
in Florida: A, Sulfur-tobacco dust 50-50; B, sulfur-pyrethrum dust 80-20.
March 1933.

The copper-lime-dust curve is essentially of the same type as the sulfur-
dust eurves and indicates that copper and sulfur affeet the plant in a
similar way, as indicated in the experiments carried on at Columbus,
Ohiio, during the summer of 1932. The final reduetions of 87, 92,
and 89 percent on the thiree sulfur plots show a slightly better control
by sulfur than the 78-percent reduetion on the copper plot. The
pyrethrum added to the sulfur resulted in very little additional final
reduetion over the sulfur alone. The advantage of the pyrethrum is
gained in the earlier reduetion of the numbers of nympls on the plots
and the killing of many adults present at the time of application.
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Ficure 16.—Effect of two applications of dust on Empoasca fabae on bean plants
in Florida: A, Sulfur dust; B, copper-lime dust 20-80. March 1933.

Fiewp Tests 1Ny Ouio 1n 1933

Further experimental studies in field control were carried on during
the summer of 1933 on the farm of the Ohio State University at Colum-
bus. Treatments werc made especially with sulfur, pyrethrum dusts,
and combinations of these two materials. Threc diff erent grades of
pyrcthrum dust were used. One contained 1.0 pereent, a second type
contained 0.5, and a third 0.05 percent of pyrethrins. Thesc were
used diluted in differcut percentages with sulfur and with eacl other.
Since the relative values of bordeaux mixture, pyrethrum extraet
sprays, and flotation sulfur paste were known from previous work, &
few of these werc used to make comparisons where unanalyzed com-
mercial mixtures werc applicd.

In view of the fact that leafhopper populations will vary consider-
ably during different portions of the season upon beans of different
ages, and where these were planted under different conditions scveral
series of plots were used in an attempt to obtain heavy infestations
for severe testing. Unfortunately weather conditions werc not favor-
able for the production of heavy infestations during most of the season;
but moderately large populations for Ohio were found during part of
this time, and tests on these gave fairly rcliable results or indicated
certain control trends or effccts. Better results were obtained during
rising than during declining infestations as judged by the cheek
populations (solid lines) on the graphs. These checks indicate the
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populations as found in the field naturally when untreated and un-
disturbed.

Since reductions of populations by spray materials have been
discussed in detail in previous experiments, it seems advisable to
present the results in a series of graphs, making only a general state-
ment regarding the control trend. Bordeaux mixture 3-4}-50 (fig.
17, A) gave the same type of curve and population control as previ-
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Fi1cURE 17.—Experiments on the control of Empoasca fabae on beans: 4, With
bordeaux mixture 3-4%-50; B, with pyrethrum extract 1-600; C, D, with a
spray made from flotation sulfur paste, 8 pounds to 50 gallons of water; F,
with a commercial brand of sulfur dust; F, with bordeaux mixture 3-4%-50
plus 2 percent of a white oil. Ohio, 1933.

ously indicated, reducing the population to a very low percentage
and then holding it there during the entire scason. In like manner
the pyrethrum extract 1-600 (fig. 17, B) failed to give adequate
control just as it had failed in previous experiments. The flotation
sulfur paste 8 pounds to 50 gallons (fig. 17, C, D) gave a reduced
population curve very similar to that of bordeaux mixture. A com-
mercial brand of sulfur (fig. 17, F) also proved to be very good although
the natural population was low in this area of the ficld and results
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were not conclusive. When bordeaux mixture 3—4}4-50 was mixed
with a 2-percent white oil (fig. 17, F) it failed to reduce the populations
as much as did bordeaux mixture alone, and proved unsatisfactory.
On plots receiving only two sprays, bordeaux mixture combined
with white oil (fig. 18, D) failed again to give as good results as
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Ficure 18.—Experiments on the control of Empoasca fabae on beans: 4, B,
With two applieations of a monohydrated eopper sulfate and hydrated lime,
80-20; C, with a eommereial sulfur dust; D, with bordeaux mixture 3-4%-50,
plus 2 pereent of a white oil.
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Figure 19.—Experiments on the control of Empoasca fabae on beans: A4, B,
Treated with two applications of flotation sulfur dust; C and I, with two
applications of flotation sulfur dust and tobacco, 80-20; D, E, with flotation
sulfur dust and l-percent pyrethrum dust, 95-5; F and H, with flotation sulfur
dust and 1-percent pyrethrum, 80-20; G, with flotation sulfur dust and 1-percent
pyrethrum, 90-10.
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bordeaux mixture alone. Also the commercial sulfur dust (fig. 18 0),
although showing a decided reduction, failed to give a satisfactory
control. Copper-lime dust 80-20 used on two plots (fig. 18, A4, B)
gave only a partial reduction in the populations as indicated by the
curves on the graph.

Flotation sulfur dust alone (fig. 19, A, B) when used on two different
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Ficure 20.—Experiments on the eontrol of Empoasca fabae on beans: A, With
a spray made from flotation sulfur paste, 8 pounds in 50 gallons of water; B,
with flotation sulfur dust; C, with dusting sulfur; D, with wettable sulfur spray,
5 pounds to 50 gallons of water.

plots, gave excellent reduction in lcafhopper numbers but not so good
as did the paste form. The flotation dust was also used in combina-
tion with pyrethrum flowers containing 1.0 pereent of pyrethrins in
three different proportions. One was a 95-5, (fig. 19, D, I¥) another
90-10 (fig. 19, @) and a third was an 80-20 mixture (fig. 19, F, H).
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Although there was considerable variation in the population curves
on the replicated plots, there seemed to be very little average difference
in the results obtained from these different combinations. Flotation
sulfur dust (80 parts) used with tobacco dust (20 parts) (fig. 19, C, I)
failed to give any greater reduction of the populations than did
flotation sulfur alone.
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Ficure 21.—Experiments on the control of Empoasca fabae on beans: 4, With
dry-mix spray, 12% pounds to 50 gallons of water; B, with colloidal sulfur
spray; C, with lime-sulfur, 1 gallon to 50 gallons of water; D, with a synthetic
copper zeolite of 12-percent metallic content.

Another series of plots were used to compare various forms of sulfur,
especially the spray materials, in order to ascertain their relative
toxicity to the potato leafhopper on beans. Flotation sulfur paste at a
strength of 8 pounds to 50 gallons of water (fig. 20, A) gave an excellent
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reduction of the population and a satisfactory control. The flotation
sulfur dust (fig. 20, B), however, was not satisfactory and gave only a
partial reduction. 'The particles of this material are very small and
under certain conditions it is difficult to keep them on the plant for
any length of time, which may account for its lack of toxicity as
compared to the flotation paste. When dusting sulfur (fig. 20, 0)
was used the rate of reduction was slower but the control was satis-
factory. The wettable sulfur in spray form at the strength of 5
pounds to 50 gallons of water (fig. 20, D) gave excellent reduction of
the population and was a satisfactory control material. Dry-mix
spray, 12} pounds to 50 gallons of water (fig. 21, A), gave excellent
population reduction and control. The dry mix was prepared with 8
pounds of flowers of sulfur, 4 pounds of hydratcd lime, onc-half pound
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Ficure 22.—Experiments on the control of Empoasca fabae on beans: A, With
flotation sulfur and 0.5-percent pyrethrum dust, 95-5; B, with 0.05- and
0.5-percent pyrethrum dusts, 95-5.

of calcium caseinate, and 50 gallons of water. Colloidal sulfur (fig.
21, B) used on another plot gave only a partial reduction in numbers
and unsatisfactory control. The curve in this casc resembled morc
the curve obtained by the use of pyrethrum cxtract, and this colloidal
form failed to show residual valuc. Lime-sulfur spray at the strength
of 1 gallon to 50 gallons of water (fig. 21, C) gave a dccided reduction
in numbers but produced a curve similar to that of the pyrethrum
extract. Plant injury frequently results from the usc of this material,
but as a rule the insects are satisfactorily controlled.

During these cxpcriments it was also thought advisable to usc a
synthctic copper zeolite which had a metallic copper content of 12
pereent.  Used as a spray at a 1-t0-200 strength (fig. 21, D) it proved
unsatisfactory and gave only a partial reduction of the population.

In another series of cxperiments six plots were treated with different
combinations of sulfur and pyrcthrum dusts. Both flotation sulfur
(figs. 22, A, and 23, ©) and dusting sulfur (fig. 23, 4, B) werc used in
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combination with different grades of pyrethrum dust, and threo
grades of pyrethrum dust were used in eombinations (figs. 22, B, and
23, D). 'The natural populations were variable in some of theso plots,
and it is therefore diffieult to gain a comparison of the relative toxicity
of these different eombinations. If a general statement eould be
made, it would seem that the sulfur-pyrethrum combination gave
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Fiaurk 23.—Experiments on the control of Empoeasca fabae on beans by use of the
following dusts: A4, Sulfur and a l-percent pyrethrum dust, 95-5; B, sulfur and
a 0.5-percent pyrethrum dust, 95-5; C, flotation sulfur and a 1l-percent pyreth-
rum dust, 95-5; D, with 0.05-percent pyrethrum and l-percent pyrethrum,
95-5.

excellent population reduetions and that sulfur had a good residual
eontrol value, tho dusting sulfur apparently being superior to the
flotation sulfur. The combinations of pyrethrum dusts alone, when
eharted, gave the saw-toothed type of eurve, which is characteristic
of the pyrethrum sprays. In these combinations exhausted flowers
of pyrethrum eontaining 0.05 percent of total pyrethrins was used
as the diluent.
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Another series of experiments were performed in whieh pyrethrum
dusts alone were used, dusting sulur alone, and various combinations
of dusting sulfur and pyrethrum. The two eombinations of pyrethruin
dusts (fig. 24, A, B) gave decided reduetions in the populations but
showed no residual toxic value. The declining populations in the
cheek iIn each ease cause the other curves to indieate what might be
interpreted as residual value but which apparently was not. The
dusting sulfur alone (fig. 25, A) gave a slow, rather gradual reduetion
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F1GURE 24.—Experiments on the control of Empoasca fabae on beans: 4, By
dusting with 0.05- and 1-percent pyrethrum, 95-5; B, by dusting with 0.05- and
0.5-percent pyrethrum, 95-5.

with the exception of a deccided inerease just before the second
application,

Six different eombinations of dusting sulfur and pyrethrum dusts
were used, containing 1 (fig. 25, 0), 0.5 (fig. 25, B, and L), and 0.05
percent (fig. 25, D, and F) of pyrethrins. Sulfur with a 1-percent
pyrethrum dust at 95-5 gave a curve diftering little from that when
the proportions were 9010, There seems to be little doubt that 5
parts of either a 1.0-percent or 0.5-pereent pyrethruin with 95 parts
of sulfur is suffieicnt to eause an immediate reduetion of the leaf-
hoppers present. The question of having the quantity of sulfur
neeessary to produce a sufficient residual value is, therefore, the more
important problem. There is a possibility of added value due to the
physical effects produced by the almost inert material in the pyreth-
rum dust eontaining 0.05 pereent of pyrethrins. Combinations of
sulfur and this grade of pyrethrum were therefore used and the results
indieate that 25 percent of this grade of pyrethrum (fig. 25, 1)) eon-
tains a suffieient quantity of pyrethrins to give immediate reduetion
in the population, and the additional sulfur used, over the 50-50
combination (fig. 25, F), gives a much better residual value.
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Ficure 25.—Experiments on the control of Empoasca fabae on beans by use of
the following dusts: A, Sulfur alone; B, sulfur and pyrethrum (0.5 percent),
90-10; C, sulfur and pyrethrum (1 percent), 90-10; D, sulfur and pyrethrum
(0.05 percent), 75-25; E, sulfur and pyrethrum (0.5 percent), 95-5; and F,
equal quantities of sulfur and a 0.05-percent pyrethrum dust.
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SUMMARY

Field-plot tests in the control of Empoasca fabae as a bean pest were
carried on with several materials during 1926-28 and 1932-33.
Excellent immediate toxicitgr was obtained with various pyrethrum
sprays but these lacked residual effect. Bordeaux mixture sgowed no
immediate toxicity but had excellent residual effect and a delayed
toxicity. Nicotine and oil sprays gave only partial control. Scveral
other materials were unsatisfactory as control measures.

Leafhoppers placed on plants previously treated with bordeaux
mixture died in 4 or 5 days. Leafhoppers covered with this material
and placed on untreated plants were not killed. Leafhoppers confined
to feeding on unsprayed surfaces of sprayed leaves died in from 5 to
10 days with symptoms of bordeaux poisoning. The lack of a contact
factor and the slow effect on the leafhoppers gave a strong indication
that the insects were obtaining copper compounds in some form from
the plant liquids upon which they fed or wcre affected by a physiologic
product of the plant induced by applications of bordeaux mixture.

Bordeaux poisoning was characterized in the leafhoppers by a
replacement of the normal green by a yellowish color, and by weaken-
ing, inactivity, and motor paralysis accompanied by partial or faulty
efldﬁrSiS' Small nymphs are more readily killed than large nymphs or
adults.

Leafhoppers were fed through membranecs upon various dilutions of
copper sulfate with and without the addition of a 5-percent sugar
solution, and upon various dilutions of calcium hydrate. The copper
sulfatc solutions, both with and without sugar, showed high toxicity
to the leafhoppers and were from 10 to 20 times as toxic as lime
solutions.

When the leathoppers obtained copper compounds only by feeding
on plants whose roots were placed in copper solutions, they wecre easily
killed by the plant juices, These leaves werc removed and copper
was found in the expressed juices.

Lime sprayed upon plants had no toxic cffect on the lcafhoppers.

The supernatant liquid of bordeaux mixture was not toxic to Jeaf-
hoppers and showed no soluble copper when tested by a method which
should detect copper in the dilution of 1-50,000.

A relatively small percentage of copper sulfate in the bordeaux
spray solution is effective for leafhopper control.

Bordeaux residue applied to filter papers in glass funnels and ex-
posed to atmospheric conditions for several weeks failed to release
soluble copper to the rain water which passed over it, but rain water
collected from plants sprayed with this solution showed positive tests
for soluble copper.

Sugar solutions and expressed plant juices readily dissolved soluble
copper compounds from dry bordeaux residue through capping
(permeable) membranes. Distilled and tap water gave only negative
results.

Refractometer readings of plant sap from sprayed and unsprayed
bean and potato plants showed that as a rule the sugar content of the
treated plants is lowered for 1 or 2 days after treatment below that
of the untreated plants, but that it soon rises in the treated plant
above that of the untreated, and usually remains higher for 2 or 3
weeks.
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The plant physiology is changed by the presence of bordeaux mix-
ture in such a way that a temporary resistance is produced in the plant
which produces toxicity to the leafhoppers feeding upon it for a period
of several days after treatment.

Tests of various preparations of sulfur were made by four methods,
following somewhat the plan of the tests with bordeaux mixture.
Leafhoppers were sprayed with the sulfur, plants and insects were
sprayed together, plants were sprayed with sulfur and the leafhoppers
placed on them from 1 to 26 days afterward, and the sulfur prepara-
tions were exposed in shallow dishes directly under the infested plant,
the whole being covered by a bell jar. Only slight toxicity was
caused by the direct spray on the insect, and in the case of the ma-
terials exposed under the plants the mortality was not greater than
in the check. When the insects fed on sprayed plants from the time
of spraying up to 26 days afterward the mortality was high as com-
pared with the check.

Pyrethrum extract kills practically all the leafhoppers present at
any time it is applied, but the leafhoppers hatching from the eggs in
the leaf tissue cause a rebuilding of the population.

When tobacco dust was mixed with sulfur, the reduction in popu-
lations was no greater than when sulfur was used alone.

Copper-lime dust was of little value under Ohio conditions and
could not compare with bordeaux mixture or some of the sulfur-
pyrethrum combinations.

Bordeaux mixture used extensively on field plots gave excellent
reductions of the populations and showed a residual value somewhat
greater than that of any other material used, but when 3-4)/-50
bordeaux mixture was combined with a 2-percent white oil the residual
value was greatly reduced.

Among the sulfur materials, flotation sulfur paste, 8 pounds to 50
eallons of water, wettable dry sulfur spray, 5 pounds to 50 gallons of
water, and dry-mix spray, 12}% pounds to 50 gallons of water, gave
excellent reduction of populations. Dusting sulfur gave more gradual
but good control. Liquid lime-sulfur gave fair control, but some plant
injury, and showed the lack of residual effectiveness during a part of
the time.

Sulfur dust used with pyrethruin containing either 0.5 or 1.0 percent
pyrethrins in combinations of 90-10 or 95-5 usually showed very
good killing qualities and a good residual value.

When sulfur dust was used with pyrethrum containing 0.05 percent
pyrethrins in combinations 50-50 and 75-25, both combinations had
good toxic qualities, but the 75 percent of sulfur was superior regarding
residual value to the 50 percent of sulfur.
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